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INTRODUCTION AND LI TERATURE REVIEW 

The idea that al l things die when they become old is 

not new. We readily accept the univers a l characteristic 

that living organisms develop, mature, senesce, and then 

die. If one examines the literat ure carefully , it is 

possible to trace the concepts o f aging as they e merged 

in antiquity, deve loped through history and progressed 

into the present. Even in t he years B.C., Aristotle 

compared old age to youth with respect to psychological 

aspects and hypothesized that "the incapacity of old a ge 

is due to an affliction not of the soul but o f its vehicle" 

(quoted in Griffin, 1950). In 1513, attention was directed 

at an attempt to avoid this inevitable aspect of life as 

Ponce de Leon announced a belief in the legend of a Fountain 

of Youth and searched for it in the Bahamas (Encyclopedia 

Britannica, 1972a). About this time careful observations 

on t he anatomy of human aging we re being recorde d by 

Leonardo da Vinci who claimed to have dissected "more than 

30 bodies" until stopped by Pope Leo X. Emphasizing how 

to draw, he took careful notes which i ncluded anatomical 

changes occurring with age (Encyclopedia Britannica, 1972b; 

Encyclopedia Britannica, 1972c). The cau se of this slow 

death was deemed to be due to a lack o f nourishment when 
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veins "thickened their tunics" (Belt, 1952). A physiological 

approach by Sir Francis Bacon explained that disease in old 

men's bodies was less curable because ''old men's bodies do 

neither perspire well, nor assimilate well" (Strong, 1952) . 

Modern biology has attempted to explain aging in 

terms of whatever biological phenomena weze popular at the 

moment. The amount of data regarding theories of aging has 

accumulated, entire editions have been written, and extensive 

bibliogr aphies compiled (Shock, 1957), and yet no conceptual 

framework within which to argue these theories has been 

provided (Kohn, 1978) . As curious as man is known to be, 

it is d i ff i cul t t o explain h i s general lack of true research 

on this phenomena unless scientists simply prefer to 

investigate why systems improve than to understanding why 

they f all apart. Goals of mode rn aging research are not s o 

much to extend the life span as to increase the health, 

productivity, and creativity of life unti l death. Since 

fami n e and epidemic have been greatly overcome, greater 

numbers of people are experiencing increased life span a nd 

the phenomenon of agi ng has advanced more to the forefront. 

This interest has supplied the stimulus to s tudy the 

proble m in an a ttemp t to increas e the quality of these 

additional y e ars. 
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There exists considerable problem in definition of the 

term aging. References to aging include both gross deterio-

ration in living systems due to the passage of time and 

progressive, irreversible alterations common in nature after 

maturity (Kahn, 1978 }. But, if one must consider the 

passage of time as an innate aspect of the definition, then 

one must perceive time itself with definition. This pro­

gressive deterioration of the organ i sm may involve physio­

logical change with age or an increased frequency of 

pathology due to "old-age" and aging may manifest itself 

differently in various organ systems. The primary change 

i s most likely to occur in nondynamic systems which are 

incapable of self-renewal where the rate of aging becomes 

greater than the rate of replacement . Thus, the metazoan 

mus t pay a special toll for the advantage of cell speciali­

zation when aging results in a decline in function to the 

interdependence of cells (Pearl, 1921). Therefore, one of 

the chief objectives in research concerning aging is a 

description in terms of structure and function of the 

nature o f such changes that cause dysfunction and ultimately 

death. 

A variety of theories and proposed basic mechanisms 

of aging have been neither established nor disproved and 

remain at the l evel of hypothesis or theory. An early 
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theory attempting to explain the cause of aging involved 

toxic products which were picked up by the blood from 

the intestines (Metchnikof , 1907) . As early as 1943, 

advances in protein chemistry brought hydrolytic enzymes 

into the discussion as the cause of deteriorating organi za­

tion at the supracellular level which resulted in dehydration 

of body collo ids (Kohn, 1978). This was substantiated by 

the observation of an increased number of lysosomes in 

deteriorating areas and lead to the theory that degradative 

enzyrr,es recognize age-altered molecules and selectively 

degrade such structures (Kahn, 1978) . Soon af ter the 

discovery of hormones, it was noted that all hormones de­

crease secretion with age except where compensatory changes 

are noted and endocrine failure was blamed for initiating 

the aging processes (Birren, 1960). This led to the 

"monkey gland" era in which aging due to endocrine failure 

was believed to be postponed via injection of hormones and 

rejuvenation made possible. During the second and third 

decades of this country, the pituitary gland gained fame a s 

a master gland and , with the fame, came the p ituitary hypo­

thesis of aging . It was believed that , since the pituitary 

is responsible for the onset of certain age-related 

phenomena (such as puberty), it may also secrete hormones 

which directly, or indirectly through target g lands, 
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stimulate physiological aging and thus promote age-relate-d 

pathology which ultimately shortens the life span. 

Current theories include the belief that loss of 

pituitary function affects the ability of the body to main­

tain its homeostatic condition (Everitt, 1973), and that 

change is possibly due to abnormal pituitary response to 

hypothalamic regulation, loss of feedback and c hange in 

hypothalamic centers (Hafez, 1976). 

Several approaches to the study of ag1ng have been 

attempted. The general trend was originally to study the 

organism at the organ or tissue level. It has recently 

been suggested that one should study the fundamental process 

of a g ing by investigating the f undamental units through 

the study of cells (Bourne, 1961), organelles, and to 

ultimately conne ct these with specific biochemical events. 

As the organism deteriorates in a predictab le fashion, the 

duty of the scientist is to strive for an understanding 

at the cellular and molecular levels (Cherkin et al., 1979). 

With the advent o f molecular biology came a new and totally 

unique approach. Altered gene transcription and translation, 

somatic mutations, and immunologic reactions were given the 

role of the villain in the saga of aging and the molecular 

era was born. Explosive p rogress in the field of molecular 

biology yielded the "error the ory " of aging which stated 
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that an accumulation of errors i n protein synthesis was 

respons ible such that altered protein molecules accumulated 

with age (Strehler, 19 77; Ordy and Brizzee, 1975). Since 

hormones were known to regulate the expression of genes, 

they were once again indited (Everitt and Burgess, 1976). 

All advances should now be re-examined in the light 

of new understandings in such fields as molecular biology 

and genetics. This molecular-genetic revolution, which 

was hera lded by the discovery of DNA structure in the 

early 1950's (by Watson and Crick), the description of the 

characters involved in protein synthesis (by Zamecnek, 

Kornberg, and others) and the identification and verifica­

tion of the code (by Nirenberg , Ochoa, Khorana, and others) 

yielded n ew insight in t o the aging process a nd opened the 

door for experimental testing. I t became apparent that 

chemical aging depends upon which processes are permitted 

to occur and which are inhibited or have their consequences 

revers ed (Strehler, 1977). As one looks at this inter­

action be tween the genetic program and the environment, 

one must carefully distinguish between facts and hypotheses. 

Recently the causes of aging have been divided into 

two dis tinct classes. Primary, or physiological causes 

are unavoidable , are the pri mary cause of aging, and a re 

present in all indi viduals of all species. The only one 
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which we know much about is the heredi ty factor. We 

understand secondary causes to a greater degree. These 

include all things o f accidental nature which aggravate 

the process of aging (Korenchevs ky, 1961). Most geron­

tologists are general ly agreed that there is probably no 

single cause o f aging and that whatever the causes may be, 

they do not produce similar changes , or sim1lar rates of 

change , in each cell of an organi sm. 

The effects of aging upon the reproductive axis 

have held the innate interest of man for years, especially 

since the first link of endocrinology to gerontology which 

occurred in 1889 when Brown-Sequard reported rejuvenation 

via extract from dog testis (Finch and Hayflick, 19 77) . 

Aging of the reproductive system is of interest to a 

multiphasic group. The social and psychological aspects 

involved with the dramatic changes occurring at puberty 

and menopause greatly effect society. Researchers, laymen, 

and physicians seek to understand t he anatomic and physio­

logical aspects (Birren, 1960). The mi d -li fe onset of 

irregularity, especially in the female cycle, has been a 

we ll-accepted phenomena for many years but remains little 

understo od. The ovary has advanced to the forefront as an 

important gerontological research tool since it has a 

pronounced life cycle and its senility precedes that o f 



8 

other organs (Bourne, 1961). It is clear that follicles -

cease to develop and ovulation ceases but detailed informa­

tion on ovarian aging in older mammals is scanty. Aging of 

the reproductive axis of lower animals induces such changes 

as a decrease in mean litter size (Talbert, 1968; Ingram, 

et. al., 1958 ; Adams, 1910) and frequency of birth and an 

increase of fetal abnormalities and mortality (Fugo and 

Butcher, 1971; Harmon and Talbert, 1970; Thorneycroft and 

Soderwall, 1969). Experimental gerontologists must also 

consider two aspects of relating aging to reproduction: 

(1 ) the effect of reproductive processes on biological aging 

and (2) the influence of biological aging on reproductive 

processes. 

In order to better understand the mechanisms involved 

in female reproductive failure, one must investigate all 

available facts of normal female reproduction. These in­

clude ovarian factors as well as extraovarian (involving 

endocrine and neural factors). The fact that major, ir­

reversible aging changes occur within the ovary has lead 

gerontologists into an analysis of female reproductive aging. 

The analysis of the mechanisms regulating these events ha s 

proven to be a challenging problem. More than three centuries 

ago , the process of ovulation was very accurately described 

b y Regnier DeGraff (1672; trans., 1974 ). Since that time, 
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a mass of basic information has been published concerning , the 

morphology of ovulation, and yet there exists great confu­

sion, misunderstanding of terms, and lack of agreement on 

ovarian morphology and the control of ovulation. 

Extraovarian factors contributing to these chan0es 

must not be overlooked and must include both the pituitary 

and the hypothalamus . The three point axis must be investi­

gated in order to fully understand the changes. However, 

research on this neuroendocrine axis as related to aging 

changes is sparse. Change s in reproductive organs have been 

associated with degenerative changes in the pituitary and 

hypothalamus but the exact nature of the relationship 

remains hidden (Hafez, 1976). Any change in function as a 

c onsequence of aging of the pituitary-ovarian axis could 

conceivably r e sult in the decreas ed fertility noted in lower 

a nimals. Since the exact site of aging had long been sought, 

the pituitary was an obvious choice once its control over the 

endocrine glands was recognized. Simmonds (1914) was the 

first to suggest that the anterior pituitary might accelerate 

aging via hormone deficiency or glandular hyperfunction. 

I t has been well established that development of 

follicles within the ovary and hormonal secretion by the 

ovaries is a direct result of stimulation by the gonadotropic 

hormones from the pars distalis of the pituitary (Jeffcoat 
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and Hutchinson, 1978; Turner and Bagnara, 1971; Guy ton, 

19 71) . It has been determined that cell type within t his 

tissue varies with hormone production. Chromophils , those 

cells which contain granules that readily take up dye, 

secrete hormones and it is gene r ally acce~ted that chromo­

phobes, those whose granules d o not stain great ly , do not 

secrete hormones (Martin, 1976). Chromophils can be farther 

subdivided into acidophils and basophils according to their 

staining characteristics . 

The basophils secrete the gonadotropins FSH (follicle 

stimulating hormone) and LH (luteinizing hormone) . These 

cells have been reported to undergo functional c hanges 

associated with physiological or pathological states and 

information on the relationship between morphological 

appearance and cell hormone content is becoming increasingly 

valuable as a one-cell, one-hormone hypothesi s is evolving 

(Harris and Donovan , 1966; Young , 19 61). 

Attempts to subdivide these gonadotrophs further in to 

specific folliculotrophs and interstitiotrophs have resul ted 

in great confusion (Martin, 1976). Unless the an imal has 

been subjected to some pretreatment, such a s castration, 

that could influence function, the distinction is essentially 

non-existent . Antibody studies utilizing anti-FSH and 

anti-LH have demons trated common binding sites on the same 
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cells (Kerdelhue' et al., 1975 ). The che mical nature of the 

hormone itself can vary with t he endocrine statis of the 

animal. In the female, it i s difficult to sort out pure LH 

actions because the release of FSH and LH is es sentially 

simultaneous in most s pecies. In spite of great in terest 

in the a rea of hormone research, the exac t relationship be­

tween estrogen feedback and gonadotrop i n release by the 

pituitary remains to be clearly defined. The first detailed 

aging study of the pituitary was done as early as 1 925 

(Coope r, 1925) and entire books have since been writ ten; 

however, p ituitary changes with age remain surrounded by a 

shroud of conflicting opinions on such matters as size and 

weight, invasion of the posterior lobe by basophils, and 

percentage of basophils (Andrew, 1971; Bourne , 1968; and 

Korenchevsky, 1961). The fact that reproduction can be 

influenced by such external factors as lig ht or emotion has 

been accepted for centuries indicating that reproductiv e 

events such as libido or cycles must b e subordinated to the 

brain. This involvement of the central nervous s y stem was 

p ostulated as early as 1947 (Green and Harris, 1947 ) but the 

anatomical basis of such control r emained obscure. 

During the past three de cades , physiological and 

morphological evidence has accumulated indicating that 

secretion of FSH and LH from t he a denohypophys is is 
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ultimately connected to the central nervous system vi a 

stimulatory hormones from the hypothalamus which serves to 

receive stimuli , process the information , and transmi t the 

signals (Martin, 19 76; Schally , et al., 1973; Burgus and 

Gullemin, 1970; Schally , et al., 1968). Th e releasing 

factors are secreted by neurons of the arcuate nucleus and 

transported t o the adenohypothesis by a portal vascu l ar 

system (Martin, 19 76; Harris and Donovan, 1966; Harris, 

1955; Green, 1952; Green , 1951). Recently these releasing 

factors (RF ) have been isolated and their s tructures deter­

mined, ushering in a new era of neuroendocrinology. The 

presence of LH-RF , which is thought to stimulate the 

release of both LH and FSH was first demonstrated in the 

1960's (Campbell et al ., 1964; Schally and Bowers, 1964; 

McCann, et al., 1960) and its isolation occurred in the 

early 70's (Amoss , et al., 1971; Schally, et a l., 197 la; 

Schally, et al., 197lb), and was soon followed by the 

characterization of its decapeptide structure (Baba, et al ., 

1971; Matsuo, et a l., 1971). The synthesis of this neuro-

hormone, and the subsequent synthesis of acceptable analo g s 

have opened a new field of research to gain knowledge of 

their mechanisms of action (Geiger, et al., 1971; Ma tsuo , 

et al., 1971; Sievertsson, et al., 1971). 
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Little evidence of morphological changes in the 

hypothalamus has been gathered t hat is speci fically associ­

ated with change in reproductive capacity and those reported 

changes have been fragmentary and contain many points of 

controversy (Finch and Hayflick, 1977). The obvious 

importance of such changes lies in the fact that any change 

in the tissue will ultimately affect the pituitary-ovarian 

axis. Such changes as would result in age-associated changes 

of functi on within the reproductive system have not been 

thoroughly investigated. 

The menopause has been associated with disturbances 

in the hypothalamo-pituitary-ovarian axis a nd the aging 

ovary looses its sensitivity to gonadotropins. Future 

research is vital not only to understand the changes in 

this axis itself, but also those changes of clinical i m­

portance occurring within the ovum that cause an increase 

in spontaneous abortions, congenital abnormalities, and 

intrauterine loss in the aging animal (Hafez, 1976). 

Ovulation, both induced and natural, has been studied 

in a variety of animals. Reproductive biologists have 

searched for years for a natural phenomena exhibited by an 

animal by which ovulation could be readily detected. Efforts 

have included observation of menstruation (Koering, 1969 ), 

cervical mucous secretions (Ovadia, et al., 1971; Vickery 
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and Bennett, 196 8), use of vaginal concretions (Alleva, 

et al., 1976), and the predic tion of time of ovulation from 

hormone profiles (Barnes, et al ., 1978) . An ideal animal 

would have a short estrous cycle, readily detec t a b le such 

that normal ovulation could be studied without the aid of an 

exogenously supplied hormone . This has been accomplished 

through the use of a varie t y of vaginal s mear techniques, 

but is c umbersome for the experimenter (Schuchner and 

Stockert, 1974; Alleva , et al. , 197lb; Kent and Mixner, 

1945) . 

Most of the papers and reviews of animal care and 

breeding which have been published on the estrous cycle of 

the hamster have tended to ignore the external vaginal 

phenomena charac t e ristically exhibited by the female hamster 

during each day of the four-day estrous cycle . Evidence 

will be gathered to examine the regularity of the hamster 

in expressing these c haracteristic phenomen a for the four 

physio l ogical estrous states (Orsini, 1961). Although 

the validity of the procedure has neve r been substantiated 

in the literature , severa l papers have been written wi th 

thi s phenomena use d consistently as the basis for the 

research (Leavitt and Blaha, 1970; Lukaszewska and 

Gre enwald, 19 70). 
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This s t u dy will consist of light an d ultras t ruc t ural 

obse r vation of the hypothalami c -anterior pituitary-ovarian 

axis in old cycling and cons t ant estr o us female hamsters 

and compa re with s imilar observations in 3- t o 6--month-old 

cycling female h amsters on e a c h da y of the estrous cycle. 

Research objectives of t he p rese nt study a r e to : 

l. Investi g ate the reliability of vaginal phenomena 

as a n indicator of the daily morphology of the ovary 

behavio r al estrous, and of ovul ation in the hamster 

2 . Describe the histological a nd u ltrastructural 

morp h o l ogy of the reproductive neuroendocrine 

axis (ova r y , pituitary, and hypotha l amus) 

representative of each cyc l e day f o r an animal 

o f full r eproductive a ge 

3. Correlate daily changes with t he p r ocess of 

ovulati on 

4 . Investigate the ability o f a post-reproductive, 

aging an i mal t o express t he ch aracteristic 

v a gi nal phenomena 

5. Describe the histologic a l and ultrastructural 

r eproduc tive neuroendocr ine axis morph ology of 

e a ch cycle day in the aging h amster 

The p r esent study was undertaken i n an attempt to 

describe obse rvations on the hypothalamic , an t erior 
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pituitary and ovarian morphology and related ultrastructural 

observations of aged hamsters, and compare them wi ·t h those 

of young hamsters. Despi te the widespread interest in the 

area of reproductive endocrinology, t h e precise rela tionship 

of morphological changes to the p rocess of ovulation has yet 

to be clearly defined. Since "aging " is one of the most 

universal, inevitable consequences of nature, it is of 

benefit to seek an understanding of the process at the 

cellular level. If we understand these mechanisms more 

completely, we can better deal with human anxiety in such 

areas as infertility, psychosexual problems and menopause. 

Fundamental research in this area done on short-lived 

mammalian species could stimulate the transfer of a con­

siderable body of new understanding to man and shift the 

emphasis from death and dying to more interest in increasing 

the quality of life throughout senescence. 



METHODS AND MATERIALS 

Animals 

Althou gh the hamster has a relatively short his t ory 

as an experimen ta l laboratory animal, the bree ding habits 

have been studied extensively (Kent, 1968; Bond , 1945). 

The body of knowl edge dealing with reproductive events 

in the hamster exceeds t hat of most other mammals. The 

species exhib its many advantageous characte ri stics which 

make it valuable in certain research phases, espec i ally 

those involving reproduction . The attractiveness of the 

female hamster as a research animal in this aspect is en­

hanced by its availability , relatively short life span, 

and the fact that it is a polytocous animal . It is large 

enough to collect tissue, yet small enough to maintain in 

large numbers. The hamster will be exclusively used in 

the study due to a short quadradian (four-day ) , regular 

es trous cycle, easily characterized by external vaginal 

phenomena with a conspicuous post- ovulatory discharge on 

Day 2. It is an excellent laborato ry animal due to its 

ability to do well on minimal care and space and to its 

relative freedom from disease. Animals will not be sub­

jected to any pretreatment regime to inf l uence function as 

it is the goal of the research to inves t igate natural 

17 
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physiological aspects o f the aging process upon the repro--

ductive axis . 

It is accepted that reproductive events in this animal 

are synchronized by one or more oscillators and that some 

events are under photoperiodic control . Ther efore , two age 

groups of Texas Woman's University albino stock hamsters , 

each weighing approximately 130 g , were housed in thermo­

o 0 stable animal rooms (temperature 20 + 4 C) and maintained 

on a photoperiod of 12:12 light:dark (8 a . m. to 8 p . m.) 

(Alleva, et al ., 197la; Alleva, et al., 1968). To insure 

that all animals were free of infec tion a closed colony was 

maintained during the entire study. Littermates were caged 

togethe r in p lastic shoe box cages with shredded corncob 

bedding and the bedding changed weekly (S an-i-cell , Paxton 

Processing Co. , Inc., Illinois). Animals were individually 

caged for the f inal phase of e a ch program. Diet consisted 

of Purina Laboratory Chow and tap water ad libitum. 

Experimental Design (Tables 1 and 2) 

Hamsters were divided into two groups. The first 

group (group A) were 2- to 6-months old and considered to 

be of prime reproductive status. Group B animals were 

18- to 24-months old and considered to be post-reproductive. 

Hamsters were divided into subgroups , with each of the 

subgroups in Phase 1 containing a minimum of three ani mals; 
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Group 

A 

A 

A 

A 

B 

B 

B 

B 

B 

20 

TABLE 2 

Phase 3 

Experimental Design: Histolog ica l and 

Ultrastruct ural Analysis 

Subgroup Da y of Cycle Numbe r o f 

11 1 4 

12 2 4 

13 3 4 

14 4 4 

15 1 4 

16 2 4 

17 3 4 

18 4 4 

19 acyclic 4 

Animals 

The hypothalamus, pituitary and ovaries were collecte d 
from each animal. Each tissue was analyzed by means of 
light microscopy. One ovary from each animal was ana l y zed 
by means of scanning electron microscopy and transmission 
electron microscopy was utilized to evaluate the pituitary. 

* Group A represents sexually mature fema le hamsters 

Group A represents aged female hamsters 
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in phase 2, 20 animals; and phase 3, 4 animals. 

Care was taken to avoid placing littermates in the s ame 

subgroups. 

Determination of cycle day (table 3) 

Female hamster s were carefully observed for the purpose 

of determining cycle day via vaginal characteristics 

(Table 3). Vaginal phenomena were recorded daily between 

8:0 0 and 10:00 a.m., and on ly those animals whi ch displayed 

three consecutive cycles were used a s s ubgroups 5-1 8. 

Determination of estrous 

phase 3) 

(table 1, phase 2 and table 2 , 

Phase 2 was done in order to confirm the identif ica-

tion of stages of the estrous . Eighty 2- to 6-month-old 

female hamsters were observed for two cycles and vaginal 

phenomena recorded. Twenty females were selected to 

represent each of the four days of the cycle . They were 

introduced into a cage occupied by a male between 5:00 and 

6:00 p.m. and observed for 15 minutes . The male and f e male 

were then s eparate d and copulation r ecorded . The percent­

age of litters obtained and the size of the litters were 

recorded. Another group of 20 2- to 6-month-old female 

hamsters without the benefit of vaginal readi ng were 

introduced into a cage occupied by a male and l e f t together 
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TABLE 3 

Dai ly vaginal p henomena of the female hamster 

Estrous cyc l e day Characte ristics 

- - ------- ---------------------------- ----

1 

"estrous " 

2 

3 

4 

Thick mucous 

Opaque, cream-color e d in appearance 

Very viscous, wax-like discharge 

Forms well-rounde d p lug 

Strings out on contact 

Has distinct, musky odor 

Waxy, convoluted plug 

If plug is lost prior to examination, 

vagina will be slightly distended and dry 

Delicate non-mucous, translucent 

secretion 

Forms fine cobweb on contact 

Source: Orsini, 1961 
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for one week. The male and f emale were then separated and _ 

percentage of litters obtai ned and si ze of litters recorded. 

Histological and ultrastructura l compari son (table 2 ) 

The purpose of phase 3 wa s to descr ibe the histological 

and ultrastructure morphology of the reproductive axis which 

is representative of each day of the four day estrous cycle 

in a normal, sexual ly mature female hamster. This r epro­

ductive axis includes primary reproductive o rgans (ovaries), 

endocrine t issues (anterior pi tuitary) and neuroendocrine 

tissue (ventromedial hypothalamus). 

Analysis was accomp lished b y utili zing light micro­

scopy, and scanning and transmiss ion electron microscopy~ 

Electron microscopy reveals details in greater depth than 

light microscopy such as size , shape, and r.umbers of 

secretory granules, and morphology of subcellular organelles, 

but possesses two innate drawbacks; much time and skill is 

required for preparation and only a small fraction of the 

tissue is examined. Therefore, this study utilized both 

light and electron microscopy techniques and an attempt was 

made to correlate ~he alteration in fine structure with 

c y tological studies . These daily changes were correlated 

with the process of ovulation and the day of ovulation 

identif ied. 
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The aged-animal study (ph ase 3, t a b le 2) was done to 

investigate the ability of a post-reproductive aging animal 

to e xpress the v aginal phenomena r epresentative of each day 

and to a ccomp lish ovula t i on. The h istology and ultra­

structure of the ovari an-pitui t ary-hypothalamic axis was 

examine d a nd chan ge s c orrelated with t he process of aging . 

Litters born a nd litter size was i nvestigated in phase 2 

(table 1). 

Sampling of tissue 

Hamsters were kille d be tween 10 and 12 a . m. on the 

desired day of the cycle after three consecutive es t rous 

cycles had been demonstrated to obtain tissue for histo­

logical and ultrastructural analysis. They were anesthetized 

with an intraperitonea l in jection of 15 mg of pentobarbital 

sodium solution. A mid-abdominal inc i sion was made t o 

facilitate r emoval o f both ovaries. The dorsal skin folds 

were clipped from the neck an d the cranial cavity entered 

from the base of the skull with bone f orceps. Th e brain 

was carefully removed, t rimmed anteriorly at the optic 

chiasma and posteriorly at the mammil l a ry bodies . The 

pituitary was removed from the sella turcica, and the 

anterior protion trimmed and fixed. 
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Ultrastructural procedures 

Scanning electron microscopy was done on one ovary 

from each animal involved in this study . Tissue was fixed 

in .2 M cacodyla te buffered glutaraldehyde and prep a red 

for SEM according to accepted proc edures (Haya t , 1978; 

Hayat, 1975). The procedu r e is outlined b e low: 

1. Ovary was obtained from animal and clean ed of 

all extraneous membranes and fat 

2. Ti ssue was fixed and stored unti l use 1n . 2 M 

cacodyla te buffered glutaralde h yde 

3. Tissue was dehydrated throug h a g raded series 

of alcohols 

4. Tissues were subjected to critical poin t dry ing 

with co2 

a. Flush 3 times with co2 

b. Allow to remain in co2 for 15 min 

c. Dry 

5. Tissuffiwere then mounted on an aluminum stub 

with double-sided tape 

6. Tissueswere coated with a layer of gold in a 

Bomar Vacuum machine 

7. Tissues were examined and photographed on an 

AMR scanning electron microscope 
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The ripest follicle of each ovary a n d a s mal l p i ece of 

anterior pituitary were obtained from eac h animal , fixed in 

.2 M cacodylate buffered glutaraldehyde and prepared f o r 

transmission electron microscopy according t o acc epted pro­

cedures (Weakley, 1972). The proce dure is outlined below: 

1 . After removal, the tissue was fi xed and s t ored 

until use in .2 M cacody l ate buf fered glutaralde­

hyde 

2. Tissue was fixed in .2 M cacody late buffer e d 

Oso 4 for 45 min 

3. Tissue was rinsed 1n .2 M cacodyl ate bu f fer 

4. Tissue was dehydrated through a g raded s e ri es 

of alcohols 

5. Preparation of epon 

a. Mixture A = 62 ml epon 812 + 100 ml 

dodecenylsuccinic anhydride 

b. Mixture B = 100 ml epon + 89 ml nadic methy l 

anhydride 

c. Final mixture = 30 ml mixtur e A + 20 ml 

mixture B + .75 ml DMP-30 

6. Tissue was placed sequencially in p ropylene oxide; 

50 % propylene oxide; 50 % epon; epon 

7. Tissue was placed in epon in numbered beem cap ­

sules and placed in an oven at 70° C overnight 
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8. Beem capsules were sectioned on an ultra­

microtome and mounte d on copper grids 

9. Sections were stained with a saturated 

solution of uranyl acetate f ollowed by 

Reyno lds' lead citrate 

10 . Sections were rinsed well and allowed to 

drain dry 

11. Sections were examined and photographed on 

a Siemens Model I I I transmission electron 

microscope 

Light mic roscopy 

Tissues were fixed approximately 24 hours in FAA and 

prepared for light microscopy by accepted methods of dehy­

dration and embedded in paraffin (Humason, 19 72). Transverse 

sections 5~ in thickness were cut from paraff i n b locks 

on a Spence r "320" microtome . Hypo t ha lamus, ovary , and 

a sample of each of the anterio r pituitary tissues were 

stained with hematoxylin and eosin (Humason, 1972). There 

exi~ts great confusion in the literature with respect to 

staining of pituitary cells to characterize and differentiate 

the gonadotrophic cell s of the an terior pituitary. Different 

systems of nomenclature range f rom names for cell types 

based on hormone secretion to morphologi cal characteristics 

of the cells themselves. Pituitari es from di f fe rent s pecie s 
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may react with varied color speci fic ities. Herland methods 

of staining basophilic cells are highly recommended by 

Humason, but several variations are included and the dif­

ficulty of separation of chromophobes from chromophils 

may be compounded by transectional stages or the state 

of secretion of a particular cell . Therefore , several of 

the se methods were utilized i n an attemp t to di fferentiate 

the gonadotrophic cells. As other investigations have 

noted, these methods were unsucces sful in subcl assifying 

basophilic cell s (Thompson, 1960; Serber, 1958). 



RESULTS 

I. Assignment of vaginal phenomena to cycle day 

Vaginal phenomena as shown in Table 3 were very 

consistent wi th cycle day . Animal s cycled regularly 

t hrough each of the four days. The cycle days were 

arbitrarily numbered with Day 1 corresponding to 

behaviora l estrous (Orsin i , 1 961 ). Day l animals showe d 

a thi ck mucous just inside the vagina. It is opaque, 

cream-colored, and tends to string out when touched. 

There is no characteristic odor (Fig. 1). Day 2 animals 

display a v iscous , cream-colored discharge with a 

characteristically musky odor. This becomes more solid 

during the day a nd may t ake on wax-l ike characteristics 

by mid-af t ernoon. The musky odor is preva l ent throughout 

the day (Fig. 2). In Day 3 animals, the wax-like discharge 

has solidified into a much-convoluted, easily los t plug. 

Often examination will dislodge t he plug, leaving the 

vagina dry and d is tended with no s ecretion (Fig . 3). 

Day 4 secretion is often almost dry and may be overlooke d 

b y a casual approach. Upon clos e observation, a slight, 

transleucent, non-mucous secre tion may be detected . 

There is no odo r associated with this day (Fig. 4). 

29 
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Figures 1-4 . Vaginal phenomena observed in each day of 
the hamster estrous cy c l e are seen by 
photography . 

Figure 1. Day 1 (Estrous). The vagina secretes a 
thin , opaque mucous on t he morn i n g when 
the fema l e is in he at. 

Figure 2 . Day 2. Post-estrous d ischarge is easi l y 
di s tinguished. I t has b e come t h i ck , 
cream-colo r ed , and has a di s tinc t musky 
odor. 

Figure 3 . Day 3 . Discharge is waxy a nd ~ore s o l id . 
It may be convol ut ed or may have been 
lost , l eaving a d i s tended dry v a gin a . 

Figure 4. Day 4. The sparse Day 4 discharge i s 
translucent, nonmucous and has no odo r . 
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II. Determination of behavioral estrous and its correl­

ation to cycle day 

For the determination of estrous, female h ams t ers 

were observed for three cycles and vagina l phenomena recorded. 

20 females were selected to represent each of the four 

days of the cycle (subgroups 5- 8). They were introduced 

in t o a cage occupied by a male between 5:00-6:00 p.m. a nd 

observed 15 minutes. The male and female were then 

separated and copulation recorded. Animals which had 

displayed Day l phenomena at 10:00 a.m. were t he only 

females to ever accept a male in the afternoon of the 

same day (Table 4). The 20 females selected to represen t 

each of the other 3 days of the cycle re f used the males 

and often displayed aggitation and aggressive behavior 

in response to the advances of the male. Nineteen out o f 

20 females displaying Day 1 phenomena (95 %) did accep t 

the male and 100% of these 19 litered with an average 

litter size of 11.4. The one female that was unresponsi v e 

displayed Day 2 postovulatory discharge at 10:00 a.m. on 

the morning of the following day. 

III. Morphological observation of ovaries from young 

animals 

Due to the fact that ovulation occurs early on the 

morning of Day 2, Day 3 is considered first such that 
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TABLE 4 

Behavioral Estrous and Litter Data 

Percent Pe r cent Average 
Group Age Cycle Day to accept to lit t er lit ter 

male size 

A Young 1 95 95 11.4 

A Young 2 0 0 0 

A Young 3 0 0 0 

A Young 4 0 0 0 

A Young disregarded not 8 5 9.1 
observed 

B Senescent disregarded not 10 3 
observed 
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the events leading up to ovulation may be considered . This 

investigator considers these results to be r epresentative 

of each cycle day and to have been displayed by most of the 

animals, however; frequency of occurrence for e ach phenom­

enon was not recorded. Ovaries from sexually mature animals 

displaying Day 3 vaginal phenomena (Figs. 5 and 6 ) showed 

several early, immature follic les developing wi t hin the 

ovarian cortex. The epithelial layer was continuous , a 

poorly developed zona pellucida was present, granulos a 

cell layers were 8-10 cells in thickness but were diffusely 

scattered. Scanning electron microscopy revealed immature 

follicles of Day 3 animals (Figs . 7 and 8) showing 

relatively smooth ovarian surfaces covered by polyhedral 

cells with numerous microvilli. 

Ovaries from animals displa ying Day 4 phenomena 

(Figs. 9 and 10) had begun to show a separation of the 

follicle cells into two layers. As t he oocyte grew to 

full size, the an trum appeared and the granulosa cells 

proliferated. The zona pellucida became distinct, and 

was surrounded by 4 or 5 layers of granulosa cells. 

Blisterlike projections were apparent on ovarian surfaces 

from Day 4 (Figs . ll-12) animals. The lateral walls 

had become elongated and the apex cells had flattened. 
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Figures 5-6 . Light micrographs reveal c haracter j_stics of 
Day 3 ovary. (Fig. 5) The cortex of the ovary 
contains early stage s of developing secondary 
follicle s. The epithelial cell layer is con­
t inuous. Ovum is oval shaped and is sur ­
rounded by zona pellucida. A thick granulosa 
layer 8-1 0 ce lls thick surrounds the ovum. 
X 252 . (Fig. 6 ) Higher magnification of 
cell laye rs shown in Fig. 5 shows a high 
number of cells in mitosis. The arrow 
i ndicates a cell in mitosis. Note the over­
all c ompactness of the theca interna (A ) 
and the theca externa (B) areas a nd the 
continuity of cubodial cells of t he germinal 
epithelium. A layer of connective tissue 
called the tunica albuginea is apparent. 
X 750. 

Figures 7-8. Scanning e l ectron micrographs of Day 3 ovary 
show early follicular growth. (Fig. 7) An 
early follicle d e velops and b egins to d is t end 
the outer cell layer of the ovary . X 500 . 
(Fig . 8) Higher magnification of cells 
shown in Fig. 7 shows that basal cells (B) 
are polyhedral and exhibit many extensions 
between cells (arrow) . Apical cells are 
flattened a nd lack microvilli. X 5 00 . 
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Light micrographs i l lustrate changes in 
the Day 4 ovary . (Fig . 9) Flu id-filled 
s paces have appeared among the granulosa 
cells and c oalesced to contribut e to the 
ear l y format ion of the c re s cent- shaped 
antrum (A) in the stratum granulosa o f 
the fo llicle . Ede ma (arrows) is becoming 
apparent just beneath the epithelial layer. 
X 302. (Fig. 10) Slight hemorrhage can 
be s een at hi gher magnification and the 
edema (arrows) is conspicuous r e sulting in 
a slight s eparation of the granulosa layer 
from the theca interna. X 900. 

Figures 11-12. Scanning electron micrographs of Day 4 
ovary show developing follicles. (Fig. 11) 
Two developing follicles bulge markedly 
from the ovarian surface. X 480. (Fig. 12 ) 
The lateral wall cells become s t r etched 
and distorted. Cell to cell contact 
disintegrates. X 3000. 
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Follicle cells had separated into two layers and 

were prevalent in the bulging fo llicles of the Day 1 

animals (Figs. 13 and 14) in the format ion of a fluid­

filled antrum. Pronounced edema was seen just beneath 

the surface epithelium and hemostasis was seen within the 

granulosal area. The cumulus oophorus became elevated and 

undercut. Ovaries from Day 1 animals (Figs . 15 and 16) 

showed large areas of cellular disruption resulting in a 

sloughing off of cells exposing connective tissue a nd 

allowing fluid-like substances to ooze from the cells 

below and out onto the surface (Fig. 16). 

Animals with Day 2 phenomena (Figs . 17 and 18) 

showed collapsed follicles and evolution of earl y corpora 

lutea. Day 2 a nimals (Figs. 19 and 20) showed cells 

remaining in the area of the ruptured follicle that had 

become smooth, devoid of all microvilli and had begun 

to hypertrophy. 

IV. Morphological observation of ovaries from senescent 

animals 

Due to the fact that ovulation is expected to occur 

in the morning of Day 2, the initial day of the cycle to 

be considered is Day 3. ovaries from senescent hamsters 

contained greater numbers of atretic follicles than those 
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Figure s 15-16. 

37 

Light micrographs of Day 1 ovary show matur­
a tion of the antrum. (Fig. 13 ) A y oung 
Graafian follicle displays both ovum (A) 
and antrum (B). The cumulus oophorus (C) 
is more compact t han that of the previous 
day and the oocyte has become eccentrially 
situated within the antrum. The antrum 
enlarges and fills with fluid. Mural 
granulosa has f ormed (D) . Edema (arrows) 
has be come more prevalent, extending 
throughout the theca externa and t heca 
interna. X 315. (Fig. 14) Granulosal 
cel l layer is now 8-10 cells in thickness 
and the cells are smaller and more compact. 
Epithe lial layer is seen sloughing off 
(arrow) . De licate basement membrane can 
be s een s e parating the mural granulosa 
cells (A) from the theca interna (B) . 
X 945. 

Scanning electron micrographs of Day 1 
ovary reveal large bulges on the ovarian 
surface. (Fig. 15) . Apical a rea of bulge 
shows degenerative nature of the epithelial 
area (arrows) and loss of contact as cells 
s lough off. X 250. (Fig. 16) A greater 
magnification of the area exposes the 
connective tiss ue (A) where epithe l ial cell 
loss has occurred. Droplets of fluid · 
(arrow) ooze from b e ne ath and are visible 
on the s ur f ace. X 2500. 
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Figures 17-18. Light micrographs of Day 2 ovary show that 
ovulation has occurred. (Fig. 17) Early 
corpus luteum (C.L.) is easily distinguished . 
X 335. (Fig. 18) Area of rupture can be 
seen (R) with large area of epithelial cell 
layer disrupted (E). X 1005. 

Figures 19-20. Scanning electron micrographs of Day 2 
show the site of rupture. (Fig . 19) An 
early corpus luteum has formed. Area of 
sloughed epithelial cells is visible. 
X 532 . (Fig. 20) Luteal cells become 
smooth, completely void of microvilli, and 
swollen. X 1330. 
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from young animals . Ovaries from acyclic aged female s 

contained very few non-atretic follicles and many 

degenerated follicles a t all early stages of development. 

Anima ls representing all cycle days posses s e d ovari es 

exhibiting shrunken oocy tes with i rregular contour , 

flocculent or condensed cytoplasm, broken zona pellucida, 

and disrupted granulosa cell pattern. 

Animals displaying Day 3 vaginal phenomena contained 

ovaries with secondary follicles but having no Graa ffian 

follicles present (Fig. 21). Usually the developing 

follicles present showed signs of early atresia (F i g. 22 ) 

that included disruption of granulosa cell pattern, 

irregular contour of oocyte, disrupted zona pellucida, 

and floccule nt oocyte cytoplasm. SEM revea led t he 

ovarian surface to be smooth and devoid of any large 

distinctive bulges o r corpora lutea (Fig. ~3 and 24). 

Ovaries from animals displaying Day 4 vaginal 

phenomena exhibited many superficial, greatly develope d 

follicles and several Graaffian foll icles (Fig. 25) · 

Most of these were characterized by variations in t h e 

thickness of the mural follicular cells and the zona 

pellucida. The theca internal was usually t hickened 

a nd the follicular fluid condensed (Fig . 26). SEM 

revealed blisterlike projections appearing on the ovarian 



Figure s 21-22. 

Figures 23-24. 
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Light micrographs of Day 3 ov ary from a 
sene scent hamster show atresia . (F i g . 21 ) 
Many follicles can be seen, most i n v arious 
sta ges of atresia. A large secondary 
f oll i cle (A) displays slightly floc c ule n t 
cytoplasm. X 538. (Fig. 22) Higher 
ma gnification of such follicles revea l s a 
disrupte d pattern of granulosa cells (A) . 
The cytoplasm of the degenerating oocyt e 
sta ins deeply (B) and the contour becomes 
irregular as shrinkage occurs. The zona 
pe llucida shows signs of being slightly 
d isrupted (arrows). X 1720. 

Scanning e lectron micrographs of Day 3 
ovarie s from senescent hamsters reveal 
sur f ace characteristics. (Fig. 23) 
Smooth surfaces are interrupted by slight 
bulges resulting from enlarging follicles . 
Note the exceptional smoothness at the 
apex (A). X 200. (Fig. 24) Greater 
de tail of the apex area. Many erythrocytes 
(a rrows) are visible. The microvilli are 
l e ss d istinct. X 1000. 





Figures 25- 26. 

Figure s 27-28. 
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Light micr ographs of Day 4 ovar y from 
s e nescent hamster illustra te a dvanced 
atre sia. (Fig. 25) Supe rfi cially 
located follicles in a more advanced 
stage. A greater degree of dis ruption 
i n the pattern of granulos a cells is 
obvious (arrow). The mural c e lls vary 
greatly in thickness and display a loss 
of continuity. The theca interna is 
t h ickened. X 538. (Fig. 26) The 
fol licul a r fluid appears condensed and 
stains une venly (arrow). X 17 20 . 

Scanni ng e lectron micrographs of Day 4 
ovarie s from senescent hamsters reveal 
surface deposits. (Fig. 27) The blister­
like projections on the ovarian surface 
have e nlarged and the smoothness of the 
apex has extended down the walls. Erythr o­
cyte s (ar rows) are appare nt both free on 
the surface and slightly embedded in the 
deposit on the apex. X 500. (Fig. 28) 
Gre ater magnification reveals deposits 
of collagen and fibrin (A) which have 
t rappe d a large number of erythrocyte s 
(a r r ows ) that add to the build up on the 
e xterna l s urface of the ovary . X 1000. 
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surface (Fig. 27) with a deposition of erythrocyte -

conta ining fibrin around the base (Fig. 28). The surfaces 

of the apex and sides of the projections were extremely 

smooth and coated with an additional layer of substance 

of unknown make-up and origin (Figs. 27, 53, and 54). 

Ovaries from animals displaying Day l vaginal 

phenomena were shown by SEM to possess large bulges on 

their surfaces (Fig. 32) which were no longer smooth 

at the apex. This roughened surface was due to the 

accumulation of erythrocytes and fibroblasts in l arge 

numbers (Fig. 33). These ovaries contained several 

greatly advanced follicles (Fig. 29) and the majority of 

the follicles showed advanced atresia. The zona pellucida 

was often observed to be irregular in width . A pro­

liferation of the germinal epithelia and thicke ning of 

the tunica albuginea resulted in a stratified appearance 

(Figs. 31, 50, and 52). Connective t issue increased in 

amount and the antrum was invaded by macrophages , erythro-

cytes, fibroblasts, and cell fragments (Fig . 30) . 

SEM revealed that ovaries from animals displaying 

Day 2 vaginal phenomena were characterized by large 

projections which were invaginated at the apex (Fi gs. 38 

and 39) . Light microscopy showed that t hese bulges 

contained Graaffian follicles in almost total atresia 



Figures 29-31. 

Figures 32-33. 
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Light micrographs of Day 1 ovaries of 
senescent hamster show advanced atre sia. 
(Fig. 29) Advancing atresia of primary, 
secondary, and Graaffian follicles. X 206. 
(Fig. 30) An ovum which is i rregular in 
outline (A) . This distortion is indicativ e 
of shrinkage. The antrum of the follic le 
contains cell fragments and macrophages. 
The zona pellucida (arrow) has separated 
and become irregular in thickness. The 
mural granulosa (B) is irregular in thick­
ness. The follicular fluid appears con­
densed and contains darkly-stai ning bod ies 
resulting from hemorrhage. X 825 (Fig. 31) 
Extensive proliferation of t he germinal 
epithelia (A) results in a stratified 
appearance. The tunica albuginea (B) 
appears thicker and contains a large 
amount of connective tissue . The degen ­
erating cytoplasm of the ovum stains 
deeply and the contour is irregular. 
X 1665. 

Scanning electron micrographs of Day 1 
ovaries from s enescent hamsters reveal 
roughness on the surface. (Fig. 32) 
Large areas of roughness at the ape x of 
the bulging follicles are evident. Papil­
l ary growth (arrow) can be seen extending 
from one area of the ovary to another. · 
X 200 . (Fig. 33) Greater magnification 
of the area reveals the presence of many 
erythrocytes (A) and fibroblasts (B) . 
X 1000. 
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Figures 38-39. 
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Light micrographs of Day 2 ovary of 
senescent hamster show Graaffian folli cles 
i n a state of advanced atresia . (Fig. 34) 
The advanced degeneration is indicated by 
the almost complete absence of granulosa 
and the greater variation in thickness 
of the mural granulosa . X 206 . (Fig. 35) 
Cell fragments and macrophages (arrow) 
are present in the antrum (A) a nd c lear 
areas with the foll i cular fluid. X 8 25. 
(Fig . 36) As atresia progresses , Graaffian 
f o llic les shrink and beco~e deformed. The 
follicular fluid (A) is extremely condensed. 
The corona radiata cells (B) that once 
surrounded the oocyte are disorgani zed and 
loosely attached to the mural granulosa. 
X 206. (Fig. 37) The mur al cells have 
been reduced in places to 1-2 cells in thi ck­
ness. The follicle collapses . The antrum 
is infi ltrated with connective tissue (A) . 
X 2 06. 

Scanning electron micrographs of Day 2 
ovary from senescent hamster. (Fig. 38) 
reveal the surface of a Graaffian folli­
cle. No signs of eruption are present. 
Note the areas of large accumulations of 
fibrin which contain many erythrocytes 
and fibroblasts (arrows) . X 2000. 
(Fig. 39 ) The greatly magnified apex of the 
follicle shown in figure 38 appears to be 
sunken . The germinal epithelium invaginates in 
the areas of atretic Graaffian follicles 
(A). X 500. 





45 

(Figs. 34 and 35}. The advanced atresia was cha racter ­

ized by decreased numbers of granulosa cells, gre at 

variation in the mural cells (Fig. 37} , c onde n s e d 

follicular f luid, and a disrupted coron a radiata loosely 

attached to the mural cells (Fig. 36) . 

Ov aries from acyclic hamsters contained no Graaff i an 

follicles and very few non-atretic follicl e s in any s tage 

of deve lopment (Fig. 40}. The area was charac terized by 

a great inc r e ase in atretic structures and increas ing 

amounts of connective tissue (Fig. 41}. The s urfa ces 

were smooth (Fig. 44} with the exception of a thin laye r 

of erythrocyte-containing fibrin (Fig. 45). The germina l 

epithelium was continuous and showed no visible signs o f 

disruption (Fig. 42) and an increase i n strati fica tio n 

(F i g. 43). 

Ovaries from all senescent hamsters showed papil lary-

like outgrowths of the germinal epithelium on the i r surfaces 

(Figs. 46-52} . These were present in large numbers wi t h 

each ovar y containing 10-12 of them (Fig . 47 ) . The s e 

projections usually extended across to anot her lobe o f 

the ovary where they became continuous with the epithe lium 

of that lobe (Figs. 46 and 48). These were shown by SEM 

to be actual extension of the germinal epithelia covering 

the ovary (Figs. 51 and 52) and often c a rrying follic l es 



Figures 40-43. 

Figures 44-45. 
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Light micrographs of ovary from acyclic 
senescent hamster reveal a decrease in 
advanced follicular stages. (Fig. 4 0) 
Total abs ence of advanced secondary or 
Graaffian follicles is noted . X 206. 
(Fig. 41) Many r esidual structures 
(arrows) appear in the stroma and cortex. 
X 206. (Fig. 42) Germinal epithelia 
appe ars greatly thickened, stratified, 
and continuous. X 206 . (Fig. 43) 
Greater magnification of Figure 43 detai ls 
stratification. X 825. 

Scanning electron micrographs of ovary 
from acyclic senescent hamster revea l 
that surfaces are greatly lobed. (Fig. 44) 
Smooth surfaces are devoid of large bulg­
ing areas. X 200. (Fig . 45) Large areas 
of fibrin deposition (A) and thickening on 
the surface of the ovary are present. 
X 400. 
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Scanning electron micrographs of ovarie s from 
senescent hamsters show papi l lary outgrowths. 
(Fig. 46) Papillary outgrowth o f epithelia 
extendsfrom one lobe to another of a Day 4 
ovary. X 220. (Fig. 47) Low ma gnification 
reveals that many papillary growths (arr o·ws) 
are present on Day 4 ovary . X 55. (Fig. 48 ) A 
papillary outgrowt h can be seen bridging 
lobe to lobe on a Day 3 ovary. I t is 
obvious that i t is attached in some fashion 
at each e nd . X 220. (Fig . 49 ) Gr eate r 
magnification r e v e als that thi s papilla ry 
outgrowth on Day 2 ovary consists o f 
epithelial cells similar to those covering 
the ovarian surface. An indentat i on (arrow ) 
c an be seen indicating that the len g t h of 
this growth might once have been in contact 
with the surface. X 500 . (Fig. 5 0) 
Papillary growths on a Day 1 ovar y were 
often observed covered with material similar 
to that covering the apex of follicles. 
Erythrocytes (arrow) can be seen clinging 
to the surface of the growth. X 550 . 
(Fig . 51) High magnification o f a Day 2 
ovary reveals that the base of such out­
growths is continuous with the epithelia 
and covered by the same erythrocy te-invaded 
material. Er ythrocyt es can be seen (arrow). 
X 1100 . (Fig. 52) High magni ficat i on of 
a Day 3 ovary reveals the continui ty between 
pap illary growth and germinal epithelia. 
X 550. 
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or cor pora lutea within them (Figs. 53, 54, and 55 ). The 

blood vessels within the ovaries of senescent hamsters 

appe ared hyalinized and showed signs of arteroscleros ls 

(Figs. 60-63) and the stroma and cortex were characterized 

by depositions of connective tissue and fibrin containing 

fibroblasts and macrophages (Fi gs. 64, 65 and 66). 

V. Morphological observations of hypothalamic areas of 

young sexually mature hamsters 

The anatomy of the brain becomes complicated and 

confusing in the area of the hypothalamus. The region 

consi s ts of several ill-defined cell masses which are 

dif f usely arranged into bilaterally paired cell g roups 

known as nuclei with indistinct boundary areas of cel l­

poor z on e s (Fig. 67) • Low magnification pictures provide 

a b asic orientation of the a r ea and its structural aspects . 

The size,shape, and internal contents of the cel l bodies 

can be seen at higher magnifications and may provide 

information on the possible cyclic function of these 

ce l ls in the female hamster (Fig. 68 and 70). 

The cells wh ich produce the neurohormones that 

control t he release of LH and FSH are located within one 

of these cell masses called the arcuate nucleus (or 

infundibularis). In coronally sectio ned s amp les , the 



Figures 53-59 
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Light micrographs show surface germinal 
epithelium and papillary growth on ovaries 
from senescent hamsters. (Fig. 53) 
Papillary extension (A) is shown originating 
from an ovarian lobe containing a large, 
corpus luteum (B). X 206. (Fig . 54) A 
beginning papillary growth is shown carry­
ing with it several follicles in various 
stages of atresia (arrows) and one undisturb­
ed secondary follicle. X 20 6. (Fi<J. 55) 
A lobe of a Day 4 ovary is shown with a 
distinct proliferation of the germinal 
epithelium (arrow). This could indicate 
the early formation of a papillary growth 
X 206. (Fig. 56) Two papillary growths 
extend across one another still in close 
proximity to the ovarian surface. X 825. 
(Fig . 57) A considerable proliferation of 
germinal epithe l ial cells rests against the 
surface in a manner closely reminescent of 
that in Figure 44. X 825 . (Fig . 58) 
Scanning electron microscopy of ovary from 
senescent hamster reveals surface character­
istics. High magnification reveals the 
roughened appearance at the base of the 
follicles to be due to an accumulation 
of fibrin (A) and trapped erythrocytes 
(arrows). X 400. (Fig. 59) The apexes 
of such follicles are covered by a substance 
of unknown make-up in which erythrocytes 
lay buried (arrows). X 1000 . 



57 



Figures 60-66. 

50 

Light micrographs of ovaries from senescent 
hamsters reveal an accumulation of connective 
tissue and hyalination of blood vessels. 
(Fig. 60) Low magnification of an ovary 
from a senescent animal reveals separation 
of tissue (A) , several f ollicles in various 
stages of atresia (arrows), and increased 
thickness of walls o f blood vessels. X 227. 
(F ig. 61) This ovary shows a increase in 
connective tissue (A), many atretic folli cles 
(arrows) and a greatly increased thickness 
of blood vessels. X 227. (Fig. 62) Greater 
magnification of the area i n Figure 61 de­
t ails cellular depositi on wi t h in the vessel 
walls (arrows ) and erythrocytes inside the 
vessels. X 55 0. (Fig. 63) Higher mag­
nification reveals the stratified appearance 
of blood vessel (arrow) . X 55 0. (Fig. 6 4) 
Increase in c onnective tissue (arrows) is 
apparent at higher magnif ication. X 550. 
(Fig. 65) Hemostasis occurs within the 
follicle as fibrin (A) is deposited, and 
erythrocytes and fibroblasts are trapped 
(arrows). X 22 7 . (Fig. 66) This micro-
graph reve als the increase in connective 
tissue (A), erythrocyte entrapment and 
fiberblast formation (arrow). X 923. 
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Figures 67-68. 

Figures 69-70. 
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Light micrographs show cellular organization 
of hypothalamic area of the brain from s ex­
ually mature female hamster exhibiting Day 2 
vaginal phenomena (corona l ly sectioned) 
(Fig. 67) Hypothalamic area is composed of 
diffusely scattered cell mass es separated 
by areas of cell poor zones (A). X 823. 
(Fig. 68 ) Greate r magnif ication of Figure 
67 in the arcuate nucleus. (Fig. 68) A 
coronally sectioned speciman reveals that 
the secretory cel ls of the arcuate nucleus 
appear round or oval. Secretory material 
c a n be s een in and around the cells (arrows ) 
X 1665. 

Light micrographs of hypothalamic area of 
the brain from sexually mature female hamste r 
exhibiting Day 3 vaginal phenomena (coronally 
sectioned) illustrate orientation of the 
arcuate nucleus. (Fig. 69) The hypothalamic 
are a is seen. The dorsolateral border of 
the arcuate nucleus (A) can be s een separated 
from the ventromedial nucleus (B) by an area 
of low ce ll concentration. Infundibulum 
recess is distinct; ventrally a port ion of 
the median eminence (D) can be seen. X 416. 
(Fig. 70) Greater magnification of cells 
within the arcuate nucleus of Figure 69 
shows secretory substances (arrows) within 
the cells and e xtracellularly in the space 
around them. Note the erythrocyte-containing 
capillary in the lower left corner (arrow) . 
X 16 65 . 





52 

cells of the arcuate nucleus appeared round or oval and 

could often be observed to contain secretory material 

(Figs . 68, 70, 72 and 74) . This secretory material was 

present both intra cellular and extracellularly (Fig. 70) 

on all days but becoming reduced in amount in Day 4 animals 

(Fig. 72} . 

VI. Morphological observations of the hypothalamic areas 

of senescent hamsters 

The morphological study of the hypothalamic area in 

older animals revealed a decreased r egularity of cell 

arrangement, especially of the glial cells which line the 

walls of the thi rd ventricle (Figs. 75 and 76). The 

tissue tended to retract from the gli a l cells and was 

observed totally separated (Fig. 81). Tissue also tended 

to become retracted from the blood vessels and s uch 

e xtracellular vacuolization was visible in tissues from 

animals repre senting all four days of the estrous cycle 

(Figs . 75, 78, 81, and 85). Cellular deposits could be 

seen on the walls of the vessels indicating an early 

sclerotic condition. The cells of the arcua te nucleus 

tended to be less compact (Figs. 80 , 83 and 84) than those 

seen in younger animals and a greater diversity of size 

could be observed (Figs. 77, 79, and 82) · 



Figures 71-72. 

Figure s 73- 74. 
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Light mic r o gr aphs of the b r a i n from s ex­
ua l ly matu re female hams te r exh ibiti ng 
Day 4 vagin a l phenomena show hypotha l amic 
a r ea . (Fig. 71) Hypothalamic area. The 
ventrome dial nucleus is (A) l ocated dorsa­
late r al l y f r om the arcuate nuc l e u s (B ) . 
The t h ird ventricle (C) is shown. Note t he 
int erna l g lial layer of the v entricle wall 
is mis sin g (arrows) in the area bordering 
the arcuate nucleus. Median e menence (D) 
is l ocate d ventrally and the dorsomedial 
nucle us dorsally (E) . X 416. (Fig . 72) 
Greate r magnification of cells within the 
area of the arcuate nucleus reve als secre­
t o r y product in many of the cells. X 1665. 

Light micrographs show hypoth alamic area 
o f the brain from sexually matur e female 
hamste r exhibiting Day l vagina l phenomena . 
(F ig. 7 3 ) Heavy concentrations of cells 
can be see n in the arcuate nucle us (A) with 
the glial cells which line the walls of 
the third ventricle (B) disappearing in 
this a rea (arrow) . Sparceness of cells 
between the arcuate nucleus and the ventro­
media l nucleus (C). X 416. (Fig. 74) 
Higher magnification shows the ce l ls of 
the arcuate nucleus to be s i milar in size 
and s ha pe to those of the other three days 
but h a ving less accumulated secretory 
product . X 1665. 
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Figures 78-79. 
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Light micrographs from Day 2 senesce nt 
hamster show hypothalamic area. (Fig. 7 5) 
Glial cells (A) can be s e en retracting 
from their close association with t he 
walls of the third ventricle. Vascular 
areas tend to loose contact with tissue 
s urrounding them (arrows}. Arcuate 
nucleus (B) is separated from t he ventro­
medial nucleus by a cell poor area. 
X 206. (Fig . 76) The area of the arcuate 
nucle us is shown revealing the absence of 
glial cells (A) . The median eminence (B ) 
i s located ventral to the third ventricle 
(C). X 206. (Fig. 77) Greater mag­
nification reveals cells of the arcuate 
nucle us to be less compact than those 
of young a nimals but containing secretory 
materi al within them. Very little secre­
tory material can be seen extracellularly 
and cells are variable in shape. X 1665. 

Light micrographs from Day 3 senescent 
hamster show hypothalamic area . (Fig. 78) 
The glial cells are retracted from the 
wall of the hypothalamic tissue and can 
be seen ending abruptly (arrow) at the 
arcuate nucleus (A) . Blood vessels are 
retracted from the tissue . The cells of 
the ventromedial nucleus are apparent (B). 
X 416. (Fig. 79) Greater magnification 
shows s e cretory material (arrows) within 
the c e lls of the arcuate nucle us. X 1665. 
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Figures 83-84. 
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Light micrographs from Day 4 senescent 
hamster show hypothalamic area. (Fig . 80 ) 
Glial cells can be seen s eparating from 
hypothalamic tissue. The cells of the 
arcuate nucleus (A) are not as distinct as 
those seen previously . The cells o f the 
ventromedial nucleus are apparent. X 206. 
(Fig. 81) Several areas of vascular 
retraction from tissue can be seen (arrow) . 
Glial cells lie within the third ventricle. 
X 206. (F ig . 82) Extracellular deposits 
of secretory material can be seen at 
higher magnification. Note the amount o f 
s e cre tory material. X 1665 . 

Light micrographs from Day 1 senescent 
hamster show hypothalamic area. (Fig. 83) 
The third ventricle (A) is clearly demar­
cated. Darkly-stained cells of the 
arcuate nucleus can be seen even at low 
magnification (arrow). X 3000. (Fig. 84) 
Much extracellular secretory material can 
be seen. A blood vessel retracting from 
tissue is visible (arrow). X 1665. 
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Figure 85. The t i ssue surrounding a branched capillary 
is revealed by greater magnification to 
retract away from the vessel. Secretory 
cells of the arcuate nucleus (arrows) remain 
behind. Note cells adhering to the outer 
s urfac e of the vessel. X 1555. 
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VII. Morphological and ultrastructural obse rvat i on o f 

the adenohypophysis from young sexually ma ture 

female hamsters 

Before describing changes produced in the adeno­

hy pophysis by aging, it is necessary to descr i b e cyto­

logical features seen in young female hams t er pi t uitar ies. 

The hypophysis (pituitary g land) of the hams t e r is divided 

into the glandular adenohypophysis which appe a rs pink and 

the whi te, fibrous neurohypophysis which contain s n o n ­

mye l inated nerve fiber s (Fig. 86). The pars di s talis 

consists of short cords abundantly supplied with c apil ­

laries and sinusoids (Fig. 87). This area contains two 

classical ce ll types (Fig. 88). The chromophobe s are 

small, closely packed cells with very little cytoplasm 

and no granules which are visib l e b y light microscopy. 

They possess a weak staining affinity and tend to clus ter 

in the connective tissue stroma away from sinusoids and 

capillaries (Fig. 89). These cells represent the 

degranulated, inactive phase of chromophils. The cyto ­

plasm is sparse, causing the cluste rs to appear to be 

closely packed nuclei and making it difficult to d i stin ­

guish between individua l cells (Fig. 90). The chromophi ls 

have a stronger staining affinity, are larger, and have 

distinct boundaries (Fig. 88). These cells have a 
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Figures 86-88. High magnification photomic rogr aph s of sec­
tions of hypophysis of young , sexually 
mature female hamsters are stained with 
H and E. (Fig. 86) The hypophysis cerebri 
of a section extends fi0m the highly cell­
ular adenohypophysis (A) to the s malle r 
fibrous neurohypophysis (B) . The difference 
in the glandular and the nervous portions 
of this gland is striking. Pituicytes can 
be observed intermingled with the non­
mylinated nerve fibers. X 1665. (Fig. 87) 
A region of the pars distalis from a Day 1 
sexually mature hamster shows a large 
number of basophils (arrow 1) clustering 
around a sinusoid (A). Heavy v ascula- ­
zation of the area can be seen. The area 
also contains acidophils (arrow 2), 
chromophobes (arrow 3), and sparse stromal 
e lements. X 1665. (Fig . 88) Three cell 
types can be distinguished in this photo­
micrograph taken of the pars distalis from 
a Day 2 hamster. The chromophobes (arrow 4) 
can be distinguished by their general l ack 
of stain. The basophils (arrow 5) are 
slightly larger than the acidophils (arrow 6) 
and the cytoplasm stains darkly. X 166 5. 
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Figures 89-90. These high magnification photomicrographs o f 
sections of the pars distalis o f the 
hypophysis f rom young sexually mature 
fema le hamsters are stained with H and 
E . (Fig. 89) The unusual amount of the 
vascularity of the pars dista lis is seen 
in this section taken from a Day 3 
hamster. Elongated nuclei (arrow ) are 
visible and probably belong either to 
cells of connective tissue or to the 
endothelial cells. The chromophobes are 
clustered . X 2148. (Fig. 90) Numerous 
basophils are visible grouped tightly and 
clustered around a large blood sinusoid 
(A). This section was cut from the pars 
distalis of a Day 4 animal . An elliptical 
nucleus of a sinusoid cell is visible 
(arrow) . Chromophiles (B) appe ar close 
due to their scanty cytoplasm a nd 
relatively large nuclei. X 2148. 
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generous amount of cytoplasm which containsnumerous gran­

ules. Two cell types are found among chromophils. The 

acidophils (or alpha cells) are prominent and take up 

dyes such as eosin well (Fig. 88) whereas the basophils 

(or beta cells) stain weakly with basic dye s s uch as 

hematoxylin. 

Transmission electron microscopy (TEM) distinguish es 

cell t ypes by size and form of secretory granul es. The 

granules of the basophil are finer and more variable in 

size (140-200 nm) and density than the granules of the 

acidophil which are more uniform in size and density and 

are more osmiophilic (Fig. 91). Basophils include 

gonadotrophs (FSH-and LH-producing cells) and thyrotrophs 

(thyroxin-producing cells). Gonadotrophs can be readily 

distinguished by TEM. The thyrotrophs are angular or 

polygonal whereas the gonadotrophs are rounded cells with 

larger granules than the thyrotrophs (Sanborn, 1972) . 

Only the gonadotroph will be considered in great detail. 

Gonadotrophs of a sexually mature animal are revealed by 

electron microscopy to be cells with greatly roun ded 

contours , usually in close association with vascular 

spaces, and containing numerous rounded granules (Fi g . 91 , . 

The lightly staining nucleus is eccentrically located 

within the cell and contains prominent nucleoli within 
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Figures 91-92. Transmission elec tron photomicrographs of 
the pars di s talis of sexually mature female 
hamster reveals greater detail . (F ig. 91) 
The gonadotrophic cell (A) is readily 
distinguished by its rounded contours and 
numerous rounded granules of variable size. 
The nucleus ( B) stains lightly and con­
tains finely scattered chromatin and one 
or more darker nucleoli. The mitochondria 
(C) are seen to contain shelf- l ike cristi. 
Electron dense bodies (arrow) are presumed 
to be lysosomes. The larger granules of 
an acidophil (D) are seen in the l ower 
r ight hand corner. X 20 , 250. (Fig. 92) 
The endothelium of the capillaries in the 
pars distalis is of the fenest r ated type. 
An erythrocyte (A) and a white blood cell 
(B) are seen in the lumen (C) of the 
c apillary . X 9225. 
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the finely scattered chromatin. The granules are of 

variable density and up to 200 rn~ in diameter . The 

mitochondria are elongated and cristae a re shel f -l ike. 

Electron dense bodies larger than the secretory granules 

are often seen and presumed to b e lysosomes. The 

endoth elium of the capillaries in the pars distalis is 

of the fenestrated type (Fig. 92). 

VIII. Morphological and ultrastructural observation of 

the pars distalis of senescent fema l e hamsters 

Light microscopy of the cells of the pars distalis 

in senescent hamsters reveals several gross changes which 

occur as t he animal ages. Areas of darkly-staining 

s ubstance, presumably colloid, collect intrace llularly 

and form vesicles within the cells as it pashes t he 

cytoplasm t o the outside. The nuclei of these cells 

tend to degenerate and the cells coalesce into large 

vesicles creating intercellular vacuo les within the 

connective t issue stroma (Figs. 93 and 94). The faint 

outlines of the individual degenera ting cells within 

the large vacuoles can still be distingu ished b y their 

cell membranes. Cells in the immediate area of these 

vesicles and those cells just beginning to degenerate 

a r e often basophils, indicating the probabil i ty that 
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Figures 93-9 4 . High magnification photomicrographs of sections 
of the pars distalis of the hypophysis 
from senescent hamsters are stained with 
H and E. (Fig. 93) An accumulation of 
substance which appears to be hyaline 
results when cells containing colloid 
coalesce into a single vesicle (A) with 
the cytoplasm pushed to the outer walls. 
This is shown here in a Day 1 senescent 
animal. Intercellular vacuoles (B) and 
dialated or cystic sinusoids are visible. 
X 2331. (Fig 94) A section from a Day 2 
female shows several vesicles (arrows) 
of which contain colloid. X 2331. 
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vesicles are usually the end result o f the aging proces s 

of b a sophils. The regularity o f c e ll arrangement 

deteriorates as vesicl e s enlar ge (Fig . 95 ) and a large 

var iabi lity of si ze o f bas ophils becomes obvious. Small 

cells often arrange themselve s around these vesicles 

(Fig. 96), bec ome hype rtrophic , a nd stain in a manner 

much like c hromophobes . The enti r e adenohypophys is 

shows decreased vasculari ty a nd an a c cumu l at i on of pig­

ment i s no t r a re (Figs. 96 a nd 99). The s e hyper t roph i c 

basophils become inactive a nd hyperplastic (Fi g . 98 ). 

Larger areas of disruption possibly repre s ent adenoma 

(Fig. 99 ). 

TEM reveals numerous i ntrace l l u la r ch anges which 

occur in gonadotrophs of senescent fema le hams t ers . The 

gonadotr ophs l ying next to the vascu l ar spaces are hyper­

trophi e d, the nucleus b izarre i n s hape, the nuc lear 

membran e becomes i rregular , a nd the corte x becomes dense 

(Fig. 10 0). Lipid vac uoles a c c umul a te in the c y toplasm 

and membrane -surrounde d inclusions o f var iable e l e c tron 

density become apparent (Fig . 100 ). Pi gme n t a ccumu l ations 

occur and are often localized with in cytoplasmic inc lusio n s 

(Fig. 101). The scanty endoplasmic reti c ulum (Fig . 100) 

becomes f r agmented and narrow with marked cisternl ike 

spaces and numer ous a ttached and f r ee r i bosome s (Fig. 101) . 
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F i gures 95-96. High magnification photomicrographs of H and E 
stained sections of the pars distalis of 
the hypophysis from senescent hamsters are 
shown. (Fig. 95) Vesicles in basophils 
of aged hamsters, some containing colloid 
(arrows), can be seen in the par distalis 
in this section from a Day 3 female. A 
distinct decrease in the regularity of 
cell arrangement is obvious. X 2331. 
(Fig. 96) Small cells are arranged as 
a vesicle in this section from a Day 4 
animal. The decreased regularity of cell 
arrangement and variability in size is 
seen. X 2331. 
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Figures 97-99. Photomicrographs of sections taken from 
senescent female hamsters are stained with 
H and E. (Fig. 97) A high magnification 
photomicrograph reveals decreased vascular­
ity and accumulation of pigment (arn0WS). 
X 1665. (Fig. 98) High magnification 
photomicrograph reveals small nests of 
hypertrophic cells arranged as vesicles. 
These stain in a manner similar to that of 
chromophobes as they become inactive and 
hyperplastic . X 1665. (Fig. 99) Low 
magnification shows area of disruption 
of tissue that represen~adenorna. X 416. 
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Figures 100-101 . Transmission elect ron photomi c rographs 
detail the pars distalis of senescent 
female hamsters. (Fig . 10 0 ) A hyper­
trophied gonadotroph (A) l ying adjacent 
to vascular space (B) d i splays a 
decreased number of secretory granule s. 
The bizarre-shaped nucleus is irregular 
in shape, and possesses a c ortex of 
greater dens ity. Numerous inclusions 
of variable electron dens i ty accumulate 
in t he cytoplasm. Areas of pigment 
accumulation (arrows) are visible. 
X 13,500. (Fig. 101) The endoplasmic 
reticulum (A) of gonadotrophs become s 
fragmented and narrow. Cisternlike 
spaces are visible. Numerous ribos omes, 
both attached a nd free, are seen. 
X 45,00 0. 
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The mitochondria enlarge to several times the i r norma l 

diameter (Fig. 102). The double-membraned septa oft e n 

remain as mere stubs as vacuolation occurs. The ves i cles 

fill with cytoplasm and appe ar to enlarge by coale s cence 

of smaller ones to produce large ve s i c ul a r area s within 

the cell (Figs. 102 and 103). The capillari es and sinus oids 

possess enlarged lumen (Fig. 104) and extrusion of granul e s 

is observed through the endothelia (Fi g . 1 05) . 

IX. Behavioral estrous and litters obtained 

Twenty young sexually mature f e ma le hamsters a nd twenty 

senescent females were mated without benefi t of vagina l 

readings. The males were left with the f emales fo r one week. 

Seventeen (85%) of the young females and two (10 %} of the 

senescent females littered with average li t te r s i zes of 

9.1 a n d 3 r espectively . 
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Figures 102-103. Transmission electron photomicrographs 
detail the pars distalis of senescent 
female hamsters. (Fig . 102) The mito­
chondria within this gonadotroph have 
enlarged several times their normal 
diameter. Degeneration results in 
vacuolation, and as the vesicles fill 
wi th cytoplasm, the spaces enlarge by 
coalescence. X 15,750. (Fig. 103) 
A higher magnification of mitochondria 
reveals degeneration within the double 
mernbraned organelle. The septa remain 
as stubs of the original shelf-like 
structures. X 40,500. 
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Figures 104-105. Transmission electron photomi crographs 
detail the pars distalis from senescent 
female hamsters. (Fig. 104) A capillary 
or sinusoid of a gonadotroph possesses an 
enlarged luman (A) . A erythr ocyte (B) 
and a white blood cell (C) are visible. 
X 13,500. (Fig. 105) A greatly magnif­
ied section of the endothelium reveals 
extrusion of granules (arrow) occurring. 
X 36,000. 





DISCUSS I ON AND CONCLUSIONS 

The present s tudy reports morphological and ultra­

structural observations on the hypothalami c-hypophyseal­

ovarian axis o f sexually-mature female h amsters and relates 

similar observations to those seen in aged ani mals. Vaginal 

phen omena were observed and correlated wi th cycle days 

and morphological observations of the ovary. These findings 

have been catalogued. The possible mechanisms of ovulation 

in the sexually mature animal and of disruption o f ovulation 

in the senescent animal are discussed. The princ ipal 

technica l problems encountered in the use of light micro­

scopy - the attainment of a high degree of resolution and 

the observation of e x ternal surface changes , were overcome 

by the utilization of transmission electron microscopy 

and scanning electron microscopy respectively. EM prove d 

to be an excellent and valuable biological tool and pro­

vided a means of determining intracellular changes. 

The correlation of vaginal phenomena with morphological 

change . 

The attempt to correlate vaginal phenome na with cycle 

day and observed morphology y i e lded much useful data. The 

study ind i cated that vaginal phenomena is a reliable method 

for the determination of cycle day. Normal changes expec ted 

as recorded in the literature, do o ccur, and when correlated 
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with light microscopy, scanning electron microscopy, and 

behavioral estrous, add much validity to the use of vaginal 

phenomena as a research too l for the reproductive biologist. 

Young sexually-mature females cycled regularly through 

each day of the 4-day cycle. Young animals displaying 

Day 1 phenomena by 10:00 a.m. were exposed to the male on 

that evening only. Of these animals, 95% li ttered with the 

average litter size being 11.4. Females whose vaginal 

phenomena were ignored were placed with the male for one 

week. Of these animals 85% littered and the average litter 

size was 9.1. This indicates that the vaginal phenomena 

is a useful research tool and suggests its application to 

the breeding of hamsters. The female is notorious f or her 

aggressive behavior toward the male when she is not in 

heat. Many males are maimed and killed during the periods 

when they are left for days with females. Not only does 

the percent of females littering increase, but the litter 

size is somewhat greater when the two animals are placed 

togethe r at the appropriate time. 

Due to the intricate hormonal feedback mechanisms 

which collate the operation of this four-day cycle and 

result in ovulation, one must take a close look a t the 

three tissues involved and consider their relationship 

to each other in order to understand the reproductive 



73 

statis of the animal. The three-poin t axis determines the 

endocrine environment of the a nimal and it must be con­

sidered during any attempt to explain morphological changes 

in these tis s ues as they occur with age. Although no 

hormonal studies were attempted during this investigation, 

the literature abundantly s upplies the necessary info rmation. 

A failure at any point would initiate a chain r eaction. If 

FSH-RF fa i ls to reach the adenohypophy sis, FSH wou ld be 

withheld from the ovary , follicular maturation could not 

occur, and lower estrogen supplies in the blood would 

result in loss of the estrogen-mediated LH response . The 

unstimulated granulosal ce lls could not produce p rogres ter­

one which is required by the hypoth alamus befor e a new 

cycle is initiated by FSH-RF. Thus the female is dependent 

upon coor dinated operation of the three tissues in the 

maintenance of a "normal" cycle and anything which disrupts 

the feedback mechanisms at any point - e ither in a primary 

cycle or a secondary cycle is likely to disrupt the en t ire 

system. The results of this study indicate that aging 

interferes with this mechanism. 
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Mechanism of ovulation in "normal " young sexually 

mature females. 

The normal hamster ovary is a globose, lobate organ 

with relatively few fissures suspended from the dorsal 

body wall by the mesovarian. An abundance of secondary 

and vesicular follicles are appare nt i n the ovary of 

a sexually-mature hamster. At proestrous, a rapid 

follicular growth occurs, follicular l iquid and g ranu losa 

cells increase in amount, and the vasculari ty of the organ 

is enhanced. Granulosa cells swell and follicular liquid­

filled spaces form before ovulation occurs . The present 

study has described observations on the hypothalamic­

hypophyseal-ovarian morphology and ultrastructure and 

related them to the process of aging. The study has 

revealed that there is a progressive degeneration of the 

epithelial covering of the follicle on Day 1. Increasing 

pressure, produced by the edema, ruptures the weakened 

areas in the epithelium. The ovum i s re l eased on Day 2 

and the evolution of the corpus luteum is seen on Day 2 

ovaries. 

These morphological changes must be considered in 

the light of the endocrine environment as it has been 

reported in the literature. A complete and critical 

review of the literature conc erning the mechanism of 
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ovulation is not the purpose of thi s paper. In at tempting 

to interpret observed changes and relate them to follicle 

rupture, it i s however, of benefit to consider the cyclic 

nature of the vaginal phenomena in the light of bio­

chemical and hormonal influences as reported recently 

by other investigators and to consider these influences 

as effectors of the observed mo rphological changes seen 

in the hamster during the present investigation. The 

tentative scheme represents a working hypo thesis that 

includes many result s from the last two decades of 

e xperimentation and much conjecture on the part of the 

a uthor. 

As the previous corpora lutea begin t o degenerate, 

an FSH rise, induced by FSH-RF, stimulates follicular 

growth (F ig . 9) , but whether this involves follicles that 

will be ovulated two or six days later remains indefinite. 

Mi crovilli increase in size and number about this time and 

may corr espond to the increase i n LH receptors and LH 

stimulable cyclase which have also been observed at this 

time (Chang et al. , 1977) --especially in view of the 

fact that LH binding is dependent upon the numbe r of 

receptors (Channing and Kammerman, 19 74). The ovarian 

response to the LH rise (Al leva et al., 1976; Leavitt 

et al., 1973; Luk a szewska and Greenwald, 19 70 ) may be 
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mediated by prostaglandins or estrogen or both. The 

functional relationship between LH and the prostaglandins 

remains obscure and the role of prostaglandins may be one 

of an obligatory mediator of adenylate cyclase (Rendell, 

1974), or two entirely different mechanisms converging on 

the same pathway (Lamprecht et al ., 1973; LeMaire et al., 

1973) . The estrogen rise which either preceeds the LH 

surge (Ronde ll, 1974) or coincides with it (Schwartz, 1974) 

influences the ability of t he ovary to respond to LH by 

either turning on the release o f LH or by regulating the 

expression of LH via the t urning on of a memory center 

(Freeman et al ., 19 76 ; Rendell, 1974). 

As LH increases and becomes greater than FSH, the 

ovarian multiphasic response is seen on Day l of t he 

estrous cycle. The level of cAMP increases and implicates 

AMP as a second messenger in negotiating a change (Rendell, 
c 
1974). Cholesterol esters are mobilized for the production 

of progesterone which peaks late in the afternoon of Day 1 

(Leavitt et al., 1973; Leavitt and Blaha, 1970; Lukaszewska 

and Greenwald, 1970 ; Guraya and Greenwald, 1965; Deane, 

1952 ) . Negative feedback mechanisms abo l ish the stimulatory 

effect of LH by estrogen (Freemen et al., 1976 ). This 

progesterone peak has been shown to stimulate protein 

synthesis which would be necessary to produce the postulated 
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"ovulatory" enzyme which may possess a collage noly t i c 

activity and cause the observed disrup t i on of col lagenous 

tissues such as the theca externa. Some r eports state 

that the observed activity--although capable of disruption- ­

is not one of a true collage nase (Espey, 1974 ). The 

decrease in proliferation of granulos al cells (Fig . 1 4 ) 

and loss of microvilli (Fig. 15) seen in Day 1 a r e 

attributed to LH influences and pre c eed the fo r ma t i o n of 

a function al corpus luteum. 

Th e increase in prostaglandin synthesis as ov ula t ion 

approaches (Yang et al . , 1973) has let to t he c onclusion 

that prostaglandins are involved in the process of rup ture. 

This involvement could involve enzyme or steroid s y nthesis 

or both (Rondell, 1974). Inhibitors of prostag landin 

synth esis block ovulation; thereby sugge sting that 

prostaglandins in some way mediate the ovarian response t o 

LH (Tsafriri et al., 1972; O'Grady et al., 197 2 ) , indirectly 

by inhibiting the stimulatory effect of LH on adenyl cycla s e 

thus inhibiting AMP synthesis (LeMaire e t al. , 19 73 ) o r 
c 

directly by their absence. Prostaglandins are c apab l e of 

stimulating contractile processes. This may have fun c tional 

significance to the process of ovulation but is probably 

not an absolute prerequisite (Espey, 1978). Pr ostaglandins 

have been noted to originate from sympathetic nerves of 
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stimulated dog spleen (Davies et al., 19 6 7), and the LH­

triggered local release of catecholamines in the ovary is 

potentially capable of stimulating prostaglandin synthesis 

or stimulating adrenergic nerves whose existence in the 

theca externa has been shown (Wal les et al., 1975; Bahr 

et al ., 1974). This ner ve stimulation may be controlled 

by certain prostaglandins, especially E2 (Stj arne, 1973). 

The Day 4 estrogen rise induces synthesis o f a 

variety of enzymes such as the proteolytic enzymes capable 

of the disruption of collagenous tissue (Fig. 16) which is 

seen later (Espey and Randell, 1968). A nine-fold 

increase in the number of multivescular bodies in the 

tunica albuginea just prior to the onset of ovulation 

(Espey, 1974; Espey, 1971) and increase in estrogen­

stimulated acid phosphatase activity has been reported, 

sugges ting a direct re lationship between lysosomes and the 

breakdown of the surface epithelia and the theca externa 

layers seen in Day 1 ovaries (Fig. 16). Production of 

pro s taglandins capable of labelizing the lysosomal 

membranes (F2 ) greatly increases about this time (Bjersing 

and Cajander , 1975; Weiner and Kaley, 1972) and ma y 

supercede t he stabilizing effect o f other prostaglandin 

groups such as E1 (Ferguson et al., 1973), causing the 

release of lysosomal contents in the immediate area 



79 

resulting in the disruption of collagenous connective 

tissue (Espey, 1976; Espey, 1974),fibrinolytic activity, 

and breakdown of the follicular wa ll. At this time, 

estrogen levels have dropped , introducing fragility of 

capillaries and allowing rupture of blood vessels (Cherney 

et al., 1975; Rona, 1963). Prostaglandin E1 and estrogen 

have permitted vascular permeability (Bjersing and Cajander, 

1975) a nd fluid accumulation resulting in local edema and 

separation of connective tissue (Fig. 14). 

Estrogen may induce the formation of mucopolysac ­

charides, and hemostasis becomes apparent in the area of 

locally secreted estrogen (Cherney et al . , 1975; Rona, 196 3) 

contributing to follicular wall breakdown. The thecal or 

granulosal cells that are mature, and have been estrogen­

primed (Rao e t al, 1978) undergo luteinization (Channing 

and Kammerman, 1974; Koering, 1969) concurrently with 

ovulation to evolve the corpora lutea (Fig. 17-20). 

Disruption of ovarian cycle in senescent animals. 

Several morphologic changes occur in the ovaries of 

senescent hamsters which could interfe r e with the pas sage 

of substances between the blood stream and the tissues. 

The blood vessels become thickened due to sclerotic walls 

and hyalinization of the membranes (Fig. 62); the 

epithelial structures within the ovary also proliferate. 
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They form many papilliform projections (Figs. 46-52) and 

become hyperplastic as growth is uncontrolled (Bourne , 

1961) • The tunica albuginea appears to be thickened and 

takes on a stratified appea rance due to the proliferation 

of dense fibrous connective tissue between it and the 

germinal epithelium (Fig . 31). This could resu l t in a 

loss of sensitivity to gonadotropins from t he pars 

distalis. A distinct decrease in the number of Graaffi an 

follicles and the absence of fresh corpora lutea is 

apparent . Thus ovulatory failure re sults in failure o f 

luteinization which in turn results in failure of new 

folli cles to grow. However, the tota l hormone environme nt 

of the senescent animal as recorded in the lite rature must 

be examined carefully to determine which e vent occurs 

first and initiates such a chain reaction. If an 

apparently- e xhausted ovary f rom an o ld animal is trans­

planted into a younger female, ovulation does occur 

(Aschheim, 1976). Therefore, the cause of atresia in 

the large preantrial and ves i cular follicles may be 

extra-ovarian. Ovarian failure in young animals may by 

hastened by an increased level of gonadotropin (Everitt 

and Bur gess 1976). This seeming contr adiction ne cessitates 

a careful look at the feedback mechanisms involved as the 

other members of this three-point axis are considered. 
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Morphologic variations in the pars dist.alis of 

senescent animals. 

Since the pituitary is known to synchronize 

reproductive activity with instructions from the brain 
I 

any change in the c e lls of this tis s ue would be suspect 

in negotiating a change in ovarian function. A deficiency 

of hormones within the cells due to lack of production 

or a decreased output due to lack of stimulation could 

play a role in the decreased fertility observed in 

senescent animals. However, one must also consider the 

fact that observed morphological changes could be a 

consequence of senescence and not the causative agent. 

Many pituitary changes were observed in the present study 

but there is no evidence that the pituitary holds the 

primary responsibility for reproductive failure. Gross 

disorganization of cells and decreased vascularity were 

apparent by light microscopy . Differential cell counts 

were not attempted due to the lack of validity of such 

counts. This is an unreliable indicator because the 

appearance and staining properties of cells reflect 

variable states of hormone synthesis, storage and release 

(Tixier- Vidal and Farquhar, 1975). Because of the 

essentially simultaneous release of LH and FSH, attempts 

to determine cell type responsible for their individual 
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production have been relatively uns uccessful (Martin, 1976; 

Harris and Donovan, 1966; Thompson, 1960; Serber, 1958) 

and it has been speculated that the same cell is respon­

sible for both (Ham, 1974). 

The morphologic and ultrastructural changes observed 

in the pars distalis of senescent hamsters reflect signs 

of increased activity rather than lack of it. These 

include degranulation of ce lls (Fig . 100), peripheral 

location o f remaining granules , and increased size and 

number of mitochondria (Fig. 10 2). Increa s ed vacuo l ation 

of basophils becomes apparent (Fi g. 102). These results 

indicate an increased state of activity and suggest a 

decr ease in the efficiency of the negative feedback system 

to control LH and FSH by the hypothalamus. This is in 

agreement with the increased levels of gonadotropin 

observed in human females at menopause (Verzar, 19 66) . 

Morpho logic variations in the hypothalamus of 

senescent hamsters. 

Cellular disruption and de creased order in t he 

arrangement of cells were observed in the area of the 

arcuate nucleus of the hypothalamus. The tissue retracts 

from blood vessels in the area creating an extracellular 

vacuoli za tion (Fig . 81). The fact that such shrinkage 

occurs such that contact with the vascu lar network is 
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interrupted suggests that d iffi c u l t y may arise in process­

ing and transporting releasing factor . The great diversity 

i n s ize of cells s uggests t he possibili ty of hypertrophy 

of some of t hem indicati ng excess i ve fun ction. 

Mechanism of d i s ruption of ovulation in senescent 

animals . 

The gener ali zed d i sruption of cells and their 

resulting disorder i n a ll three o f the t i ssues examined 

suggests that respons i veness of cells to their e nvi r onment 

(hormonal or o therwise) diminishes with increasing age. 

The que sti on before us is whether s u c h failure is i n the 

primary domains of the hypothalamus, t he imme diate 

regul a tory sys tem of the pars dista l is or wi t hin the 

soma t ic f unctions t h e y r e gu late in the ova r y . Thus , we 

must c onside r each t i ssue in turn as a possib l e cu l pret. 

The a g ing c ause could be within the ovar y r e s ulting 

in t h e insensitivi ty o f folli cul a r cells to LH a nd FSH. 

If the f o llicle then faile d to ma ture properly, e s trogen 

levels wou ld decrease and remain low in the b lood; thereby 

causing a n incre ase in FSH due to l ack of positive feed­

b a ck t o the hypothalamus. The ovulatory surge of LH 

late in t he follicular phase depends o n increased levels 

of estro gen to mediat e its action. This sugges t s that 

some thing i nnate i n the young host may be capable o f 

reversing the stratified condition of t he epi thelium 
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such that the follicle is allowed to rupture through its 

wall rather than atrophy. This is likely because the 

increased levels of estrogen mediate the LH response and 

prepare the theca and the granulosal epithelia for 

rupture by weakening collagen , sepa rating connective 

tissue, causing the synthes is of enzymes, and c ausing 

the pressure from the ever-increasing edema. 

The second possibility is that ovarian failure is 

a result of the FSH to be released from the pituitary. 

This means that either the FSH is not p roduced or that 

it is not released into the blood stream. The electron 

microscopy in this study indicated that the gonadotropin 

cells are highly active in synthesis and r elease of 

gonadotropin. This could be FSH, or LH, o r both. If 

we e xtrapolate data from the post-menopausal woman, we 

can assume that high levels of FSH remain 1n the blood 

long after ovulation has ceased (Everitt, 1976). Therefore, 

we are forced to assume that the sensitivity of the 

gonadotrophs to RF has not decreased. This indicates 

failure of receptors to suppress trophic hormone release 

thus causing overstimulation of target tissues and thei r 

ultimate exhaustion. Thus the receptors in the hypo­

thalamus or the pituitary or both (Fig. 106) change with 

age such that an elevated feedback threshold for estrogen 
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exists, or the receptors in the hypothalamus for FSH and 

LH are modified such that this threshold for positive 

feedback is elevated. The cellular disruption suggests 

that aging changes would have les s long range consequences 

in tissues which are capable of repair. As long as the 

rate of repair e xceeds the rate o f degradative changes, 

the consequences of change produced by aging is of little 

concern . However, such is not the situation in neurons. 

Since these are nondividing cells, the primary candidate 

is likely to be in a nondynamic system such as the hypo­

thalamus (Everitt and Burgess, 1976). The administration 

of L-DOPA reinitiates the estrous cycle in aged rats 

(Quadri , Kledzik and Meites, 1973) by raising the level 

of brain catecholamines. This suggests t hat brain 

catecholamine deficiencies result in disruption of 

estrous cycles and that such deficiencies can be repaired 

by sympathomimetric drugs. 

Conclusions 

The study indicates that vaginal phenomena may be 

correlated with morphological changes within the ovary, 

and behavioral estrous. Biochemical and hormonal variation s 

as recorded in the literature may then be utilized in a 

speculative manner to consider the possible cause of such 

changes. When used in a conscientious manner, the 
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vaginal phenomena of the hamster is an excellent researc h 

tool for the reproductive biologist. 

The post-reproductive, aging female hamster may 

express the vaginal phenomena in the predictable manner 

or may be acyclic. Those animals expressing acyclic 

vaginal phenomena showed no signs of ovulation or corpora 

lutea formation within their ovaries. This indicates 

that vaginal phenomena is a result of the endocrine 

environment of the animal and may be independent of the 

actual follicle release. 

The histological and ultrastructural morphology of 

the neuroendocrine reproductive axis in the female hamster 

indicates extensive changes that accompany the aging 

process . These changes do not result in total cessation 

of function and may even enhance the function such as is 

the case with gonadotrophs; therefore, the aging of the 

reproductive sys tem in the female is probably the result 

of a modification of function rather than merely the 

cessation of function. Due to the fact that all three 

tissues show cellular disruption, the fault must lie 

within the ''weakest link" and one is forced to consider 

the failures in a chronological manner. The results of 

this study indicate that the pars distalis is not only 

functioning, but is doing so at an increased rate. No 
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sign s of ovul ation were f ound in any o f the ovaries o f 

s enescent hamsters ; t herefore, hormonal imba l ance can be 

as s umed. Whe the r the f ault is in the hypo thalamus o r 

the ovary i s uncerta in . The cells in b o th fai l t o 

r e spond to t he i r hormone environment ; p robably due to a 

s tructural a lteration i n receptors or perha ps a decr ease 

i n n umber o f r eceptors . 

In the liter ature, de finitions of ag i ng usually 

include t he s tipulation t hat a n a ging change must be 

irreversible, a nd would there fore ne c essi t ate a 

reappraisal of any research results if one i s content 

with such a definitioan. Changes o c curri ng in t i ssue s 

s uch as the ovary , that can be r e verse d when transp lanted 

into a young animal and result in a rejuve n a tion of 

function, canno t t ruely be conside r ed in the l ight of 

such a de f inition as agi ng c h a nges. 

Changes within cells may be the r e su} t o f a lteratio n 

a t the suprace l l ula r level or they may be t he cause o f 

such cha ng e s. Much more research is necessa r y to determine 

wh ich is the fact, a nd u l tima t e l y it may be a de licate , 

interplay between the two. Those in pursu i t of a mole cula r 

mechanism of aging would do well to s uperimpo se any r e sults 

on to the s upracellular picture to get the full be nefi t of 

t he re s e arch as i t applies to the meta zo a n . 
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This research has investigated the events that are 

precursors of ovarian regression and the investigator has 

attempted t o interpret all results in the light of k now­

ledge of the hormone mediated influences reported in the 

literature. It is hoped t hat the knowledge gained in 

searching for the mediators of female reproduc tive 

senescence might ultimately contribute to the search to 

gain an understanding of the aging process in general. 
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