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'!he distributic:n of gluoocorticoid receptors (GR) in the rat 

testis was examined in vivo usir'g (3H)-dexamethasone 21-rresylaba (r:M) 

which b:in::ls covalently to GR. After injection with 3H- rM, the test.es of 

ad.renalectanized, adult rats were processed for light microscope (IM) 

radioautograJirie (RMi) analysis. Control rats received simultaneously 

a 25-or 50- fold excess of CDld dexamethasone. Q.lantitation of the 

label confinned the p~ of specifie rM b~ Sltes in bath 

I.eydig cells (86% of the label) am te a lesse.r degree, in the cellular 

layŒ:'S of the seminiferous epithelium (14% of the label). 'Ihese 

bin:!.irq data were confinned by IM iJmumocyt:ochemistry. Interstitial 

macrqhages were non-specifically labeled. In the I..eydig cell, an 

electron microscope (m) quantitative RAG analysis of 3H-rM bin:lirg 

sites showed that sm:x7th en::lq>lasmie reticulum (sER) arrl mitochorx:lria 

were heavily labeled, with 53% am 31% of the total lal:>el, 

respecti vel y . cyt.osol (exelusi ve of all st:J:uctures) am nucleus s}mwed 

cœparat.i.vely weak labelir'g, with 9% am 7% of the label, respectively. 

AlI ether structures showed little or no labelirg. While the presence 

of 3H- œ in the cytosol arrl nucleus may represent the GR in its 

traditianal cx::rrpart:ment, the significanoe of the labelirg of the sER 

an::l mit:.od'lorrlria renains to he clarified. It is possible that 3H-rM 

was target.ed ta the mitochorxIria, perhap; ta regulate transcription of 

sane mit.odlorrlrial proteins. FUrthenoore, 3H-[M may have been lœ.:ta­

bolized preferentially in the mit:odlorxlria am sER of testicular cells. 
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Titie: Light arrl electron microscope localization of 3H-dexa­

methsone 21-mesylate in adult rat testicular I..eydig cells. 
Deparbœnt: Anat.QltY 
Degree: Master of science 



RESUME 

La distribution des récepteurs des glucocortico1des (GR) dans 

le testicule du rat, a été étudiée in vivo à l'aide Ju 

dexaméthasone 21-mésylate marqué au tritium (3H- DM ) qui se lie 

aux GR d'une façon covalente. Après injection de 3H- DM , les 

testicules de rats adultes adrénalectomlsés ont été prélevés et 

préparés pour la radioautographie en mi.croscopie optique. Les 

rats contrôles ont reçus du DM non radioactif en doses 25 fois 

plus grandes. L'analys'9 quantitative de la réaction 

radioautographique cr)nfirme la présence d'une liaison spécifique 

du 3H- DM aux cellules de Leydig (86% du marquage total) et aux 

cellules de l"épithélium séminifères (14%). Ces résultats ont 

été confirmés par immunocytochimie en microscopie optique. Les 

macrophages intertubulaires sont marqués non-spécifiquement. En 

microscopie électronique, la radioautographie montre que la 

liaison du 3H- DM se retrouve .au niveau de sER, 53% et des 

mitochondries, 31% du marquage total. Le cyt.osol (à l'exclusion 

de toute structure) et le noyau sont faiblement marqués i. e. 9% 

et 7% respectivement. Les autrl~s organites cyl:oplasmiques ne 

montrent pas un marquage significatif. Tandis que la présence de 

3H- DM dans le noyau ou le cytosol correspond aux sites de liaison 

habituels du marqueur, les liaisons du 3H- DM au sER et aux 

mitochondries sont inhabituelles et leur signification reste à 

être élucidée. Il est possible que le 3H- DM associé contribue à 

la transcription des protéines mitochondriales. De plus le 3H_ 

DM peut être métabolisé d'une façon préférentielle dans les 

mitochondries et le sER des cellules testiculaires. 
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Introduction 

Adrenal hOrmones 

The adrenal gland is composed of two distinct organs, eaeh of 

separate embryologieal origins, the medulla and the cortex. 

The adrenal medulla forms the inner core of the gland and 1s 

responsible for secretion of two peptide hormones epinephrine 

(adrenaline) and norepinephrine (noradrenaline) - both members of the 

catecholamine family. Removal of this organ does not impair life as 

most, if not aIl, of the hormonal effects of this tissue may be 

mediated elsewhere in the body. 

The adrenal cortex i5 a steroidogenic organ which is essential for 

maintenance of life. lt secretes three classes of steroid hormones: 

mineralocorticoids, whieh are involved in fluid and electrolyte 

balancing; glucocorticoids, important in metabolism, stress ana immune 

responses; and the reproductive hormones - estrogens, progesterone, and 

androgens - which are secreted only in small amounts. This report will 

focus only on the glucocorticoid hormone. 

Glucocorticoids 

Glucocorticoids, e2l s teroid hormones of adrenocortical origin, 

affect and regulate metabolic processes in a wide variety of tissues 

resulting in an enormous diversity of biolugical effects throughout the 

mammalian body (reviewed in Christy, 1971; Munck and Leung, 1977; 

Baxter and Rousseau, 1979). Amongst other effects, their actions 

ultimately raise hepatic glycogen deposition and blood glucose 

concentration (thus creating a diabetic condition) particularly 

during periods of stress or Anger - thereby creating stores of easily 

- --- -------------~ 
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obtainable energy. 

In the liver, a major target tissue of glucocorticoids, the 

effects of these hormones are mainly anabolic and include increased RNA 

and protein synthesis (enzyme induction), "ncreased glucose synthesis 

via increases in gluconeogenic enzymes, and ultimately, increased 

deposition of glycogen. Excess glucose from the liver is transferred to 

the blood (thereby raising blood sugar concentration) where lt is made 

available for other tissues in times of increased energy needs. 

In sorne peripheral or extra- hepatic tissues, muscle and adipose 

tissue in particular, the effects of glucocorticoids are mainly 

catabollc and therefore contrast heavily to those seen in the liver. 

Proteins and llpids are broken down to their indl vidual components­

amine acids and fatty acids (and glycerol), respectively. Glucose and 

protein synthesis is inhibited as is uptake of materials needed for 

their synthesis. Part of the breakdown products yielded by the 

catabollc activities in these tissues are mobilized to the liver to 

serve as precursors for glucose, and ultimately, glycogen synthesis. 

Glucocorticoids also suppress the immune sys tem, more 

specifically, lymphocyte proliferation, thereby causing involution of 

lymphoid tissues, i.e. thymus and lymph nodes. Their ability to reduce 

inflammations normally associated with infections and allergies has 

resulted in extensive clinical usage of these hormones as anti­

inflammatory agents. 

Regulation of glucocorticoid secretion 

Glucocorticoids are under the positive control of the pituitary 

hormone, adrenocorticotrophic hormone (ACTH) - which is produced in the 
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corticotroph ce11s of the anterior lobe from the large precursor 

protein, pro-opiomelanocortin (POMC) (Chretien et al., 1978; Eipper and 

Mains, 1980). ACTH re1eased into the bloodstream, in response to 

hypothalamic factors, including corticotropin rE:leasing hormone (CRF) 

(Va1e et al., 1981), stimulates synthesis of glucocorticoids in the 

adrenal cortex (fascicu1ata and reticularis zones) which then feedback 

to the anterior pituitary and inhibit ACTH (POMC) production in the 

corticotroph cells (Roberts et al., 1982) 

feedback cycle. 

Glucocorticoid receptor (GR) 

a classic inhibi~ory 

Glucocorticoids exert their bio1ogical effects through a soluble, 

intracellular' protein of approximately 94 kdal, the glucocorticoid 

receptor (GR). 

Through the use of a number of techniques and tools, including 

1 imi te d pro teo ly s is , de le tion and insertional mutat ions, 

immunocytochemistry, and mutant rell lines, the structure of the 

general steroid receptor, GR included, has been elucidated and is known 

to consist of several functlonal domains intervened by two proteolytic 

sensitive hinge regions (Gehring, 1987; Hollenberg et al., 1987; Evans, 

1988; Car1stedt-Duke and Gustafsson, 1988). 

Receptor structure 

The rat and human GR are proteins of 777-795 amine acid residues 

of which the first 403 -406 form the amine terminus and include the 

immunogenic doreain of the receptor (human GR, residues 77-262), 

Although litt1e is known about the function of this terminus, deletion 

studies have shown that the presence of the entire region is necessary 
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for complete transcriptiona1 activity. In the human GR, the severity of 

effects resu1ting from rt'sidue de1etions range from 85% of normal 

(wi1d-type) transcriptional activity to as low as 10%, the latter 

occurrir.g upon deletion of either the entire region or the small 

immunogenl~ domain (Ho11enberB et al., 198/). 

In the center of the receptor, adjoining the amino terminus, i5 

the high1y conserved DNA binding dom"in, ric;h in basic amine acid 

residues, particularly arginine, cysteine, and lysine, and without 

which any DNA binding and transcriptional enhancement can occur. This 

domain, approximately 87-104 amine acids long, contains a region of 

about 30 residues rich in cysteine and histidine residues which are 

thought to form finger-like structures which associate with the DNA 

(Berg, 1986). 

A third domain, a region of about 245-278 amine acids (rat GR, 

re5idues 518-795) at the carboxy end, is responsible for binding the 

steroid. Since complete removal of this domain results in a 

constitutively active receptor, this region is thought to inhibit DNA 

binding in the absence of steroid. The GR affinity label, dexamethasone 

21-mesylate, has been shown to bind covalently to cysteine 656 in this 

region of the rat hepatoma tissue culture (HTC) cell GR (Simons et al., 

1987) . 

Receptor activation 

In the absence of ligand (steroid), the GR is thought to exist 

within the cytoplasm as a heterodimeric complex with one or two 90 kdal 

heatshock proteins (hsp) associated with it (Housley et al., 1985; 

Bresnick et al., 1988, 1989). The presence of the hsp protein(s) 
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appears to stabilize the necessary conformation of the GR for ligand 

binding, since little or no steroid binding occurs in their absence 

(Bresnick et al., 1989). 

Upon binding of the steroid, the receptor is "activatnd" to a 

state in which together with the steroid, it will translocat~ to the 

nucleus and associate with specifie DNA sequences known as glucocor-

ticoid responsive elements (GRE), whereby gene transcriptior. will 

either be enhanced or inhibited. GREs are usually found upstreara of the 

target gene, within the promoter regions (Yamamoto, 1985; Pèato, 1989). 

Although the detailed mechanism of receptor activatitJ!L is still 

being elucidated, it is known thLt activation of the receptor-steroid 

complex can be achieved in vitro thrcugh increased temperature or ionic 

strength as weIl as cytosol dilution (Schmidt and Litwack, 1982). In 

the case of the hum an GR, this process is thought to occur in two 

distinct steps, the first of which is dissociation of the hsp 

proteines) from the GR thereby yielding a partially activated 4-5S 

receptor-steroid complex, a step which is both temperature and 

molybdate sensitive (Harmon et al., 1988). The second step involves a 

yet unknown cytosolic peptide species of 72 kda whose presence appears 

to be necessary to confer full DNA binding activity to the receptor-

steroid complex (Harmon et al., 1988). 

Early Localizations of steroid receptors (SR) 

In early studies, the steroid receptor (SR), including the GR, was 

detected primarily through radioreceptor assays, a method by which 

tissue homogenates and whole cells are incubated with a radiolabeled 

l steroid thereby permitting quantitation of the SR (reviewed in Munck 

___________________ J 
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and Leung, 1977; Baxter and Rousseau, 1979). The most widely used 

steroids in these studies were estrogens and progesterones. Such assays 

consistently localized the unactivated SR (from steroidectomized 

animaIs or cultured cells in the absence of steroid) in cytosolic 

fractions, with nuclear labelling increasing only after hormone 
, 

administration, thereby prompting the formulation of the "two-step 

model" of steroid action. This model proposed that the steroid acts 

through an intermediary species, the cytoplasmic SR, to influence gene 

transcription as opposed to acting directly by itself (Jensen et al., 

1968; Gorski et al., 1968). 

However, with the emergence of improved radioassays (on different 

tissues and species) (Mester and Baulieu, 1972; Zava and McGuire, 1977; 

( Cal lard and Mak, 1985), new immunocytochemical tools (King and Greene, 

1984; Logeat et al., 1983; Radanyi et al., 1983), and cell enucleations 

(Welshons et al., 1984; 1985), it became apparent that the unoccupied 

ER and PR are found predominantly in the nucleus, and consequently, the 

early findings of these receptors in the cytoplasm were considered to 

be false, the result of artefactual translocation during the 

homogenization procedure. Nevertheless, the existence of a small 

population of cytoplasmic ER and PR, perhaps serving as a intracellular 

shuttle for the incoming steroid, was not ruled out completely. 

Early localizations of the glucocorticoid receptor (GR) 

As for ER and PR, the most widely used technique for GR detection 

was radioassays, usually with cortisol or dexamethasone, and aga in such 

assays consistently localized the unactivated GR (from adrenalectomized 

( animaIs or cul tured cells in the absence of glucocorticoid) in the 
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eytoso1. However, the va1idity of these results has been recently 

questioned upon the discovery that both ER and PR appear to be 

exc1usive1y nue1ear, despite their previous cytosolic loc~lizations. 

Histologieal loca1izations of 3H-glucocorticoid were performed by 

Stumpf (1971, 1988) by me ans of applying radiolabeled frozen tissue 

sections to precoated emu1sion slides and processing them for light 

microscope (LM) radioautography. 

The more recent development of immunocytochemical tools directed 

against the GR, including polyclonal antisera (Govindan and Sekeris, 

1978; Eisen, 1980; Wilson et al., 1988) and monoclonal antibodies 

(Westphal et al., 1982; Grandies et al., 1982; Okret et al., 1984; 

Gametchu and Harrison, 1984; Eisen et al., 1985), has a1so a110wed for 

the cellular loca1ization of GR in a variety of tissues as weIl as 

provided an indispensable tool for its isolation and purification. 

These tools have also been used to study the subcellular distribution 

(at the histological level) of the unoccupied GR (in adrenalectomized 

animaIs), with a number of such studies confirming cytoplasmic 

immunostaining. Only upon treatment of animaIs with glucocorticoid was 

the GR localized in the nucleus (Antakly and Eisen, 1984; Antakly et 

al., 1985; Wikstrom et al., 1987). As of yet, however, the labile 

nature of the steroid has precluded any practical use of routine 

histological techniques for localization of the GR. 

Covalent affinity labeling 

One technique which can potentially overcome the problem of 

receptor-steroid dissociation is that of covalent affinity labeling, 

f whereby an irreversible ligand-receptor complex is formed. This 
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technique ma1œs use of a JOOdified 1igarxl (steroid) , suitably equipped 

with an electrqi1ilie functional group, which still retains bath high 

affinity am specifieity for its macrcJI'OC)lecular (rec:eptor) binding site 

(reviewed by Katzenellenbogen, 1977; SÏIOOns am 'Iharnpson, 1982). 'lbe 

fonnation of the irreversib1e receptor-steroid canplex requires two 

steps, firstly, the routine noncovalent bin:ting of the steroid ta its 

receptor followed by the fonnation of a covalent bond between the 

electrqi1ilie functional group of the ligand (steroid) and a specifie 

amine aeid residue found within the bin:ling cavity of the receptor 

(Simons am 'Ihompson, 1981, 1982). 

Although there bas not yet been any reported use of affinity 

labeling for examining the msta10gical distribution of GR or other 

steroid recepters, the fonnation of a covalent receptar-steroid complex 

has prarrpted Antakly et al. (1984, unpublished data) te use affinity 

labeling in local iz ing , by histalogical methods, SR distribution within 

any given tissue. rrhis thesis further elaborates this method and 

localizes the 3H-dexamethasone 21-mesylate, a GR affinity label, in rat 

testis. since the amount of SR within a cell affects the magnitude of 

response ta the steroid (Miesfeld et al., 1986), knowledge of the 

distribution of GR within specifie cell types of a given tissue is 

essential in understarrling physiological actions of glucocorticoids. 

Dexamethasone 21-mesylate: an affinity label for GR 

'!he most suitable electrophilie affinity label for the GR appears 

ta be dexatœthasone 21-mesylate (IN) which bas been shawn to bW 

covalent.ly te its steroid birrling cavity, specifically labeling 

cysteine 656 through a thioether borrl (Simons and 'Ihompson, 1981; 
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Simons et al., 1987). It differs from dexamethasone only in that the 

carbon-21 hydroxyl group of the latter is replaced by a mesylate group 

(S03CH3), thereby allowing it to react covalently with thiol groups 

(Simons et al., 1980). Although it has been shown to have sorne agonist 

ability, as demonstrated through induced tyrosine arninotransferase 

activity in HTC cells, DM is prirnarily an antiglucocorticoid (Simons 

and Thompson, 1981). Non-specifie 1abe1ing of thio1 groups in cellular 

proteins, including albumin, occurs <""lly at relatively high 

concentrations of DM. However, specificity of the DM binding can be 

deterrnined by competing an excess of cold (unlabeleà) steroid (DM or 

dexamethasone) with the hot (labeled) steéoid for the limited number of 

specifie receptors. 

Effects of glucocorticoids in the testis 

Glucocorticoids, when administered in vivo and in vitro, are known 

to inhibit normal testicular steroidogenic function. Upon treatment 

wi th glucocorticoids, enriched cell populations, s timulated wi th 

gonadotropins, exhibited lowered androgen production and leutinizing 

hormone (LH) receptor content (Saez et al., 1977; Bambino and Hsueh, 

1981). These inhibitory eff(~cts of glucocorticoids on normal Leydig 

cell function corroborate weIl with earlier binding studies of 

g1ucocorticoids in testicular cells. Although, specifie binding sites 

for 3H-dexamethasone in the testis were first demonstrated in cytosols 

of whole testis of juvenile rats (Ballard et al., 1974), an abundance 

of such binding sites was subsequently detected in the cytosolic and 

nuclear fractions of enriched interstitial cell populations as compared 

to the rest of the testis (Evain et al., 1976). However, the precise 
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localization of GR in the different ce1l types of the testis by using 

an in vivo approach remains to be determined. 

Objectives of this study 

In this report, LM quantitative radioautography was used to study 

the distribution of GR within testicular cells by using 3H-DM as an 

affinity label. As of yet, the use of DM has previously been restricted 

to iso1ated whole cell (primarily HTC cells) or cell- free systems 

(Simons and Thompson, 1981, 1982; Eisen et al., 1981; Simons et al., 

1983, 1987). Thus this study a1so signaIs the validation of DM as a GR 

affin' ~y label in vivo and its ability to withstand routine 

histological techniques, as was shown by preliminary studies by Antakly 

et al. (1984, unpublished data). The limited biological activity of DM 

was not as much a concern of ours as was its ability to label the GR in 

intact animal systems. 

The subcellular distribution of the DM binding sites in Leydig 

cells was also analysed through electron microscope (EM) quantitative 

radioautography with the main purpose of confirming a cytoplasmic or 

nuclear distribution of the GR in its unoccupied or unactivated state 

(as in adrenalectomized animaIs) and if cytoplasmic, to further analyze 

the distribution amongst the organelles. DM acts primarily as an 

antiglucocorticoid, possibly by preventing activation of th~ GR and its 

translocation to the nucleus. If such should be the case, then the 

majority of receptor-DM complexes should appear in the cytoplasm rather 

th an the nucleus. 

1 
1 



11 

Objectives of the study - Summary 

1. To examine the cellular distribution of GR in the testis using 3H- DM 

as an affinity label and visualized through LM radioautography. 

2. To study the subcellular distribution of the DM binding sites within 

the Leydig ce11 using EH quantitative radioautography. 
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Materials and Methods 

Injection of sH-DM and tissue processing 

12 

In order to reduce comv~tition between endogenous glucocorticoids 

and the injected 3H-DM, rats were bilaterally adrenalectomized (Charles 

River Laboratory) 8 -9 days prior to the experiment and maintained on 

0.9% saline water and lab chow until use. Under general anesthesia, 

the left testes of 5 adult male Sprague-Dawley rats (250-300g) were 

exposed through an abdominal incision, and a single injectLm of 20 ~Ci 

3H-DM (specifie activity 49.9 Ci/mmol) in phosphate buffered saline was 

administered into the interstitial space of each of the 5 testes. To 

test for specificity of 3H-DM binding, the left tes tes of 3 control 

rats each received an intersti tial inj ection of the same amount of 

labeled 3H-DM as above in conjunction with either a 25- 0:- a 50-fold 

excess of cold dexamethasone. The final inj ection volume for aIl 

animaIs was 100 ~l. 

Fifteen minutes after injection, the testes were fixed by 

perfusion through the abdominal aorta for 10 minutes with 2.5% 

glutaraldehyde buffered with O.lM sodium cacodylate containing 0.05% 

CaC12 at pH 7.4. Prior to the introduction of fixative, lactated 

R1nger's solution was passed through the aorta and its branches for 2-3 

minutes to c1ear the vessels of blood and unbound steroid. After 

removal of the testes, tissue close to the injection site was cut into 

small 1 mm3 pieces, placed into the same fixative for 1-2 hours and 

washed overnight in O.lM sodium cacodylate buffer at 4°C. 

On the following day, the tissue was postfixed in 

potassium ferrocyanide-reduced osmium (Karnovsky, 1971) for 90 minutes 
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at 4·C. dehydrated in ethanol, propylene oxide and infiltrated and 

embedded in Epon 812. 

Lisbt Microscope (LM) 

Radioautographic procedures 

Semi-thin sections (1 JJm), cut with glass knives. were stained 

with Iron hematoxylin and processed for LM radioautography according to 

the procedure of Kopriwa and LeBlond (1962). Briefly, the slides were 

dipped in Kodak NTB2 emulsion and stored in dry air at 4°C for 21 days 

after which they were developed with Kodak D-170 and mounted under 

glass coverslips. 

Radioautographic guantitation 

A quantitative analysis of silver grains overlying the testicular 

tissue was conducted at the LM level with an oil immersion objective 

using computer-assisted image analysis (Smith et al., 1987). By using a 

Leitz LM equipped with a video camera, an image of the tissue was 

projected onto a television screen within the boundaries of a defined 

counting window (area -340,4348 urn2 or 100,224 pixels) The image was 

then digitized using a special card (Matrox Co., Montreal) installed 

within a microcomputer (IBM) which recorded the relative area (in 

pixels) occupied by the painted elements representing the sil ver 

grains. 

To deternine counts over ceUs of the seminiferous epitheliurn, 

five seminiferous tubules cut in cross section were chosen at random 

from each slide. Four fields per tubule were counted, one at each pole 

and at right angles to one another. A total of 20 tubular fields per 

slide was thus counted. Four slides per animal was counted thereby 
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representing a total of 80 tubular fields per animal (with the 

exception of two animaIs, one experimental and one control, for whom 

only two slides per animal were counted). Each field enclosed the 

various cell layers of the seminiferous epithelium extending from the 

basal plasma membrane of the cells of the basal compartment up ta and 

including the maturing germ cells bordering the tubular lumen. The 

cells and connective tissue layers of the limiting membrane were 

excluded. 

For the Leydig cells, cell counts were obtained from clusters of 

such ce Ils found immediately adjacent to the respective tubular fields 

described above. A total of 20 fields of Leydig cells per slide were 

counted in this way. Four slides per animal was counted thereby 

representing a total of 80 tubular fields per animal (with the 

exception of two animaIs, one experimental and one control, for whom 

two slides per animal were counted). The area of the window was 

adjustable 50 as to exclude any non-Leydig cells such as macrophages, 

fibrocytes, and blood vessels also present in the interstitial space. 

Moreover, the counts were always standardized to the original area of 

100,224 pixels. A statistical analysis of the resul ts obtdned from 

experimental and control animaIs was performed by using a Student's t­

test. 

Immunocytochemical localization of GR in the testis 

In arder to confirm the cellular distribution of GR in the testis, 

an immunocytochemical procedure developed earlier by Antakly and Eisen 

(1984) was applied. Briefly, the testes of ten adult Sprague Dawley 

rats were excised and fixed by immersion in Bouin's fluid for 24 hours 
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before being dehydrated in ethanol and finally embedded in paraffin. In 

order to increase the GR level, ~ome rats were treated with 

dexamethasone (0.4 mg/day for 4 days). This treatment has been shown to 

result in an up-regulation of the GR level (Antakly et al., unpublished 

observations). Tissue sections (4 um) were cut, affixed to glass slides 

and processed for LM immunocytochemistry by using the avidin- biotin 

system (Vector Labs, Burlingham, CA). As a primary probe, a mouse 

monoclonal antibody (0.1 mg/ml of Y-globulin) to the native GR wa~ used 

(Gametchu and Harrison, 1984). Control tests were run in parallel af.d 

consisted of replacing the GR antibodies with non- immune hybridoma 

culture medium or non-immune IgG. Sections were counterstained with 

0.1% methylene blue in order to distinguish ceU morphology. 

Electron Microscope (KM) 

Radioauto&raphic procedures 

Thin sections of selected areas of the testicular interstitial 

space containing Leydig cells were cut (gold interference color) with a 

diamond knife and mounted ante celloidin-coated slides whieh were then 

coated with a thin monolayer of Ilford L4 photographie emulsion and 

placed in dry air at 4°C. After 3-4 months exposure under these 

conditions, the radioautographs were developed for 7 minutes in Agfa-

Gevaert solution physical developer preceded by l minute gold 

latensification, a procedure that yielded small, compact silver grains 

(Kopriwa, 1975). Sections were then placed enta copper grids and 

poststained with uranyi acetate (5 mins) and lead citrate (2 mins) and 

examined with a Philips 400 EH. 
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Quantitative analysis of radioauto&raphs 

For each animal, portions of Leydig ce1ls were se1ected in the 

EH, photographed at 15, 200x and printed to a final magnlfication of 

39,520x. 

Definition of a true si1ver grain 

In the solution physica1 deve10pment technique, a single 

radioactive source hitting a silver bromide crystal produces a silver 

grain usua1ly entirely within the limits of the crystal (Nad1er, 1979). 

However, the si1ver grain may not always be in the form of a single, 

compact deposit but rather üay consist of a variable number of sil ver 

deposits clustered together (Iadler, 19ï9). Consequently, the number of 

si1ver deposits will not always be linear ta the true number of silver 

grains, and more importantly, will not always be proportional to the 

radioactive content of the tissue or organelle. To overcome this 

prob1em, the diameter of each cluster of grains was measured on the EM 

micrographs in order to de termine the number of sil ver bromide crystals 

responsible for each respective cluster. This was done using a 

transparency of a 5.5mm d~ameter circle which corresponded to the mean 

l40nm diameter of the si1ver bromide crystal in Ilford 14 emulsion at 

39,520x magnification (Kopriwa et al., 1984). The circle was centered 

over a c1uster and if aIl of the silver deposits were contained within 

the limits of the circle, they were aIl considered to be derived from 

one crystal only and therefore classified as a single silver grain. 

However, if the grain cluster exceeded the 1imits of the circle, two or 

more crystals were known to be responsible for the cluster and 

therefore the process was repeated until the number of crystals (i.e. 
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true grains) was determined. 

Assi&gment of grains to organelle(s); exclusive and shared 

For each experimental animal, an average of 557 silver grains from 

34 micrographs was counted. For the controls, a mean of 90 silver 

grains from 27 micrographs was counted. To ascribe silver grains to 

organelles, grains were encircled with a resolution boundary circle of 

radius 76nm (magnified to 3.0mm) which represented the half-distance 

for tritium beta partic1es developed with a solution physical deve10per 

(Kopriwa et al., 1984). Therefore there existed a 50% probability that 

the radioactive source giving rise to the encircled silver grain was 

contained within the boundaries of the circle. 

Grains were ascribed to organelle(s) as exclusive - if only one 

organelle was contained within the circ1e - or as shared if two or more 

were encompassed. Only those structures with 3% Ol more of the total 

exclusive grains were retained for further analysis. Grains belonging 

to those structures which did not meet this requirement were either 

omitted from the assessment (as for grains exclusively belonging to 

such structures) or were reassigned to one or more class(es) of 

structure(s) with which the grain was originally shared with and which 

met the requirement stated above. 

Special consideration had to be given to silver grains which 

overlaid the tubules of the smooth endoplasmic reticulum (sER) or the 

cytosol immediately adjacent to them. In the Leydig cell, the average 

diameter of an individual sER tubule has been estimated to be SO-70nm 

(Russell and Burguet, 1977) , which is about the limit of reso1ving 

power of the radioautographic technique (Salpeter et al., 1969). 

J ... 
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Surt'ounding each and every sER tubule is cytosol. Therefore, even in 

those cases where grains directly overlaid the lumen of a sER tubule, 

there still existed a possibility that such grains were the product of 

a cytosolic radioactive source. Consequently, grains which laid 

directly over sER tubules could not be ascribed to sER exclusively. 

Accordingly, in this study, grains were classified as "exclusive" to a 

category called cytosol (sER) only if 50% or more of tne are a within 

the resolution boundary circle was occupied by sER tubules (and the 

rest, cytosol). On the other hand, if a grain was situated within a 

circle consisting 50% or more of cytosol, it was classified as shared 

between the cytosol and sER. 

Estimation of volume of a given organelle: Point hit study 

c For the point hit study, which is used to de termine the relative 

volume of a given organelle in the Leydig cell, an overlay printed with 

equidistant points was placed over each EM micrograph and the structure 

underlying E'ach point was recorded and expressed as percentages of 

total points used. 

Circle hit study 

In the circle hit study, a transparency printed with equidistant 

50% probability resolution boundary circles (76nm radius, magnified to 

3.0mm radius) was placed over each EM micrograph, and each circle was 

classified as either exclusive to or shared between the structure(s) 

contained within. The exclusive and shared counts for each c,rganelle 

was combined into one total and expressed as a percent of the total 

circles used. Since circ1es could be counted more than once (if shared 

( amongst two or more organelles), the total percentage exceeded 100. 
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Estimation of diffuseness of a given organelle: Circle/Point hit 

methods 

For any given structure, the ratio of circle hits to point hits 

will always be greater than one, and will tE'nd to unit y the more the 

structure is compact. Therefore, structures which are spread throughout 

the cell, or, in other words, are diffuse, will have ratios greater 

than one. Accordingly, this ratio was used as a measure of diffusen~ss 

and was an important consideration in the assignment of shared grains 

to only one organelle (to be discussed). 

For both circle and point hit studies, an average of 32 and 11 

micrographs was used for each of the experimental and control anima1s, 

respectively. 

Assignment of grains to only one organelle 

In order to assign each gr~in shared between 2 or 3 organelles to 

the one organelle which was the most probable source of radioactivity 

for that grain, the shared grain counts were "corrected" according to 

the method of Nadl..!r (1971). The resu1ting value ("corrected grain 

count") for a given organelle, obtained both by hand and with the aid 

of a computer program, took into account the exclusive grain count and 

the appropriate proportion of shared grains for that organelle ,"s well 

as the correction for diffuseness for that organelle (ùiscussed above). 

These values were expressed as abso1ute numbers and together yie1ded a 

total corrected grain count. The equations used to generate the 

~ 
" ~ "corrected grain counts" are discussed in detail by Nadler (1971). 

~ 
~' The relative content and concentration of label for each organelle 

,i J ~ 
t, 
~ 

was a1so computed for each organelle, the former simply being the 

~ 
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percent of corrected grains for a given organelle and the latter, the 

ratio of the relative content of label over the percentage of relative 

organelle volume (point hit study) in the Leydig cell. 

Statistics 

To determine the significance in labeling of the four organelles. 

a statistical analysis of the values obtained for the relative content 

and concentration of label in Leydig cell was made using a Student's t-

test. Only two organelles were examined at a time. All combinations of 

the four heavily labeled organelles were tested for both the relative 

content and concentration of 3H- DM label. Probabilities less th an 0.05 

were considered significant. 
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Li&ht Microscope (Un 

Morphology of the rat testis 

Under the LM (low power), 
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Results 

the rat testis appears as an 

altE'rnating series of cut seminiferous tubules - circular or elongated 

depending on the plane of section - and interstitial cell clusters. The 

clusters are suspended in a continuous lymphatic space, knowll as the 

interstitial space, which, in fact, surrounds each and every 

seminiferous tubule. 

At higher magnification (40x) , the wall of the tubules are seen to 

consist almost entirely of the seminiferous epithelium. Several cell 

layers thick, this epithelium is composed of germ cells, at all steps 

of development, and the somatic Sertoli cell, whose functions include 

nourishment and support of the germ cells (Figs .1,2). To the interior 

of the epithelium is a central lumen into which the maturing 

spermatozoa are released. Binding the entire tubule is an outer 

limiting membrane which appears under the LM as a single layer of 

squamous cells. 

The predominant cell type of the interstitial clusters is the 

Leydig cell which can be identified by its long, polygonal shape, 

darkly stained cytoplasm and a nucleus which typically has 1-2 

prominent nucleoli and condensed chromatin at its periphery (Figs.l, 2). 

Another interstitial cell, the macrophage, is a large endocytic cell 

which i5 characterized by a pale-staining, foamy cytoplasm, and a 

nucleus which is often irregularly shaped (Fig. 4). Other intersti tial 
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cells include endothelial cells, lining the lumina of the blood vessels 

and occasional fibrocytes and blood-borne cells. 

Radioautogr~phic localization of lH-DM at the LM level 

Fifteen minutes after inject.ion of 3H- DM into the interstitial 

space of the rat testis, an intensive radioautographic reaction was 

observed over the cells of the interstitial space - the Leydig ceiis in 

particuiar. Such cells displayed numerous silver grains over their 

cytoplasm and to a lesser degree, over their nucleus (Figs.l, 2) . In 

comparison, the radioautographic reaction overlying the cells of the 

seminiferous epithelium, regardless of the stage of the cycle of the 

seminiferous epithelium as identified by Leblond and Clermont (1952), 

was noticeably weaker th an that observed over Leydig cells; the 

labeling was diffuse in nature with no one particular cell type, i.e. 

Sertoli or germ cell, showing more label than another (Figs.l,2). 

In the presence of an excess of cold dexamethasone, the 

radioautographic reaction over Leydig cells and cells of the 

seminiferous epithe1ium was noticeab1y weaker than that observed for 

the experimenta1 anlma1s (Figs.3,4). However, the interstitial 

macrophages were still heavily labeled in control animals (Fig.4). 

Quantitative data from LM radioautographs 

For each animal (experimental and control), 20 fields were counted 

per slide and expressed as a single mean (Table 1). The means of each 

slide were then combined into an average value for each animal (Table 

2). The averaf..e number of si1ver grains over Leydig ce11s obtained 

from five experimenta1 anima1s and expressed as computer pixels ± S.D. 

was found to be 5181 ± 1794 (Table 2). An average value of on1y 1791 ± 

l 
j 
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733 was obtained in the case of the three control animals (Table 2). A 

Student' st-test revealed that the difference in number of silver 

grains between the experilnental and control animals was significant 

(p<O.Ol), thus indicating a specificity of 3H- DM binding to Leydig 

cells. The average number of sil ver grains over the cells of the 

seminiferous epithelium (Sertoli and germ cells) was 731 ± 72, again 

expressed as computer pixels, while that for the controls was 399 ± 72 

(Table 2). A Student's t-test revealed a significant difference 

(p<O.Ol) between experimental and control values, thus indicating a 

specificity of 3H- DM binding to the cp.lls of the seminiferous 

epithelium. However, since no one seminiferous epithelial cell type 

was more heavily labeled than another, it can only be concluded 

tentatively at this time that binding is specifie to these cells. An 

analysis of the quantitative data also revealed that only 14% of the 

total reaction counted was localized over the cells of the seminiferous 

epithelium. Background counts, measured using computer-assisted image 

analysis, were negligible. 

Immunocytochemical localization of GR in the testis 

To confirm the distribution of GR within specifie cells of the 

testis, specifie antibodies to the GR were reacted with histological 

sections of rat testis and subsequently visualized by peroxidase 

staining. Leydig cells were specifica11y stained, whereas cel1s of the 

seminiferous epithelium were a1so stained, but at a noticeab1y weaker 

level than Leydig cells (Figs. Sa, b). The immunocytochemical staining 

in Leydig cells was observed in the cytoplasm as well as in the 

nucleus, the cytoplaswic staining being predominant. This subce11ular 
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distribution of GR in cytoplasm and nucleus is fully expected as 

demonstrated in previous immunocytochemical studies on several target 

cells (Antakly and Eisen, 1984; Picard and Yamamoto, 1987). Sections 

stained with non-immune IgG (Figs. 6a,b) or non-immune hybridoma 

culture medium showed absence of any specifie staining. 

Electron Microscope (EK) 

Subcellular morpholo~y of the adult rat Leydi~ cell 

In adult rats, the Leydig cell cytoplasm is characterized by an 

extensive network of smooth endoplasmic reticulum (sER) and numerous 

mitochondria; the latter are often closely enveloped with sER. Other 

cytoplasmic structures include peroxisomes, a juxtanuclear Golgi 

apparatus, several cisternae of rough endoplasmic reticulum (rER), and 

a full complement of endocytic organelles, i.e. electron-lucent 

vesicles including endosomes, multivesicular bodies (MVB), and 

secondary lysosomes (Hermo and Lalli, 1988). Occasionsl lipid droplets 

and autophagosomes may be seen (Tang et al., 1988). The nucleus 

typically contains 1- 2 nucleoli and a peripheral band of 

heterochromatin (reviewed in Christensen, 1975; Russell and Burguet, 

1977) . 

Radioautographic localization of lH-DM at the KM level 

Fifteen minutes after the injection of 3H~dexamethasone 21-

mesylate into the interstitial space of the rat testis, numerous silver 

grains were localized over the cytoplasm and to a lesser degree, over 

the nucleus. Over the cytoplasm, grains were distributed in a diffuse 

manner over the majority of organelles with the exception of a 

consistently strong radioautographic reaction close to or over the sER 
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and mitochondria (Figs.7-9). 

Mitochondrial labeling (Figs.7,8) was found within the organelle 

(vertical arrows), towards the periphery (horizontal arrows), and over 

the outer mitochondrial membrane (arrowheads). Grains over the sER 

networks (Figs.8,9) were observed either directly over the lumen of the 

sER tubules (small arrows) or over the adjacent cytosol (circled) 

(Fig.9). Smooth ER enveloping mitochondria were also seen to be 

labeled (Figs.7-9, curved arrows). Interestingly, very few grains were 

found over sER associated with peroxisomes (Fig.8) and over cisternae 

of rER. 

Relatively few grains were seen over the cytosol (Fig.7, circled), 

the Golgi apparatus (saccules, tubules, vesicles) (Fig.IO), 

peroxisomes, and plasma membrane (including microvilli) (Fig.7, small 

arrows). AlI other cytoplasmic structures including endocytic vesicles 

(endosomes), MVB, and secondary lysosomes showed a very weak labeling-

the latter two having no exclusive grains. Over the nucleus, grains 

were found bath at the periphery, sometimes over the nuclear envelope, 

and centrally over the nucleoplasm (Fig.ll). 

Ta determine the specificity of binding of 3H-DM in the Leydig 

cell, a 25- or a 50- fold excess of unlabeled dexamethasone was 

injected concurrently with the sarne dose of 3H-DM as used in the 

experimental animaIs. Under these conditions, a s imilar dis tribut ion 

of silver grains as seen in the experimentals was observed. However, 

substantially fewer silver grains were seen in the control micrographs. 

In the interstitial macrophages (Fig .12), grains were 

preèominantly seen directly over vesicular endocytic elements 
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(endosomes) (horizontal arrows) or in the cytoso1 irnmediately adja=ent 

to the vesicles (curved arrows). Few lysosomes were 1abe1ed at 15 

minutes (arrowheads). Grains were not associated with mitochondria. 

Assigpment of grains to organelle(s): exclusive and shared 

Using the 50% probability resolution boundary circle (76nm radius, 

magnified to 3.0mm radius) to ascribe silver grains to organelles, on1y 

four organelles. were found to conta in 3% or more of the total exclusive 

grain counts; cytosol (sER), mitochondria, cytosol, and nucleus. 

Tables 3 and 4 1ist the grain counts obtained for individua1 

experimental and control animaIs, respectively. The poo1ed experimenta1 

and control results are displayed in Tables 5 and 6, respective1y. 

Using the pooled experimental resu1ts (Table 5), together these four 

organelles accounted for 93% of the exclusive grains. The remaining 7% 

was associated with plasma membrane (including microvi11i), Golgi 

apparatus, peroxisomes, and electron-lucent vesic1es. Other structures, 

inc1uding lysosomes, MVB, and lipid bodies, had no exclusive grains of 

their own. Only 13% of the exclusive grains were nuclear. To simplify 

the study, only those four organelles containing 3% or more of the 

exclusive grain total, as listed above, were retained for further 

ana1ysis. A11 other structures were disregarded and their grains were 

either omitted from the study, if exclusive to the structure, or 

assigned to the organe11e(s) (cytoso1 (sER) , mitochondria, cytosol, or 

nucleus) with which it was shared. 

Girc1e hit study 

The relative diffusivity of each organelle in the Leydig ce11 was 

determined by co11ecting random samples of the structures contained 
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within resolution boundary circles of the same diameter (6.0mm) used 

for ascribing grains to organelles. Tables 7 and 8 list the preliminary 

(crude) results of this study for each individual experimental and 

control animals, before any revis ions were do ne . Tables 9 and 10 

summarize the pooling of these preliminary results for both the 

experimental and control animaIs, respectively. The revised random 

sampling hits, expressed as percent hits, are listed in Tables 11 and 

12. Focusing on the pooled experimental percent hits of the circle hit 

study (Table 12), sER showed the greatest diffusivity of all organelles 

in the Leydig cell with a value of 57.4. Cytosol was also relatively 

high at 33.8. Mitochondria and nucleus - both compact organelles - had 

similar values of 23.5 and 19.7, respectively. 

Estimation of volume of a given organelle: Point hit study 

The relative volumes of organelles in the adult rat Leydig cell 

(adrenalectomized) were assessed by collecting point samples from EM 

micrographs and each structure was expressed as percent of total points 

used. Table 11 lists the results for each individual experimental and 

control animal. Using the pooled hits of the expedmental animals 

(Table 12), the extensive network of sER occupied the greatest 

proportion of the Leydig cell - 33% of the total cell volume. Cytosol 

and nucleus were similar at 25% and 21%, respectively. Mitochondria 

accounted for 14% 0:: the total cell volume and the remaining 7% was 

occupied by the all other cellular structures - i. e. Golgi apparatus, 

rER, peroxisomes, microvilli, lysosomes, MVB, vesicles, autophagosomes, 

and lipid droplets. 

~----_._--------
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Assi&nment of Srains to only one organelle 

Tables 13 and 14 summarize the individual results of the 

quantitative study for the experimental and control animals. 

respectively. Table 15 summarizes the pooled results of both the 

experimental and control animals. The corrected grain counts are shown 

in Row a of each of these tables and expressed in absolute numbers. The 

relative content of label (%) for each organelle is shawn in Row b. In 

the experimental animals (pooled results. Table 15). cytosol (sER) was 

heaviest labeled with 1463 grains or 53% of the total corrected counts. 

Mitochondria accounted for 31% of the corrected grains with 855 grains. 

Cytosol and nucleus were similar in their labeling intensity at 253 and 

210 grains or 9% and 7% of the total counts. respectively. When the 

relative volume of each organelle (point hit study. Taole 12) was taken 

into consideration, the relative concentration of label could be 

determined (Row c). Since this parameter is a ratio of two percentages. 

it has no units. Mitochondria exhibited the highest relative 

concentration of label with a value of 2.15 - which was followed 

closely by cytosol (sER) at' 1. 63. Again cytosol and nucleus showed 

similarly low values - 0.36 and 0.33. respectively. 

Specificity of lH-DM binding in the Leydig cell 

The specificity of binding by 3H- DM to the Leydig ceU was 

confirmpd at the EM level in the presence of a 25- or a 50- fold excess 

of cold dexamethasone. The data for each organelle was obtained in an 

identicai manner as from experimentai animaIs. In total, 293 grains 

from 81 micrographs were counted for the controls which averages to 3.6 

grains per micrograph. In the experimentals. 2883 grains from 169 

1 
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micrographs were counted giving rise to a Mean of 17.1 grains per 

micrograph. Therefore, the labeling in the controls was on1y about 

1/5th that seen in the experimenta1s. 

Despite this reduction in grains, a simi1ar pattern of 1abcling to 

that seen in the experimenta1s was observed in the controls. Cytoso1 

(sER) showed the heaviest labeling with 154 grains or 57% of the total 

reaction followed by mitochondria with 61 grains or 23% of the total 

(Table 15, poo1ed results). Again, cytosol and nucleus showed fewer 

grains with only 29 and 26 grains or 11% and 9% of the total counts, 

respectively. For the relative concentration of label, mitochondria had 

the largest value at 1.83 - similar to the 1.67 obtained for sER. 

Again, bath cytosol and nucleus were low at 0.43 and 0.55, respectively 

(Table 15). 

Statistics 

Of the four organelles studied in this ana1ysis, cytosol (sER) wa~ 

the heaviest 1abe1ed fo1lowed closely by mitochondria (Table 15). Both 

cytoso1 and nucleus showed weak labe1ing in comparison. When the 

difference of relative content of label was tested between cytosol 

(sER) and mitochondria using a Student's t-test, the former wa~ shawn 

to be significant1y greater (p<O.OOl) than mitochondria (Row b, Table 

16). However, when the relative lolurnes of these two organelles was 

taken into consideration, no significant difference was found in the 

relative concentration of label between these two organe lles (p>O. 05) 

(Row c, Table 16) . Howevec, both of these organelles showed 

significantly greater relative content and concentration of label than 

either cytoso1 or nucleus (p<O.OOl). 
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Discussion 

Limitations 

Before discussing the results, l would first like to present two 

limitations with our model which l feel should be an important 

consideration when interpreting the results. 

Use of DM in vivo 

Firstly, while the use of DM as a GR affinity label has been 

validated extensively in vitro, mainly through the combined use of 

immunoprecipi tation and polyacrylamide gel electrophoresis (PAGE) 

(Eisen et al., 1981; Harmon, 1984), it must be emphasized that the 

administration of 3H- DM in intact animaIs (in vivo) has thus far been 

very limited and therefore it was necessary to interpret the results 

with caution. Since identification of bona fide GR amongst the 3H- DM 

labeled compound(s) would requi.:e the use of PAGE or 

immunoprecipitation, and such techniques obviously could not be used in 

a histological study such as this, we can only assume that 3H- DM has 

labeled GR specifie binding sites in this study. However, to 

substantiate this assumption, we have performed two control 

experiments. The first one was done to determine the specificity of DM 

binding in the testis and consisted of competing the labeled DM with an 

excess of cold dexamethasone. If the DM was binding specifically ta the 

GR in such experiments, labeling would be reduced since the cold 

steroid would have a greater chance of saturating the GR than would the 

lesser amount of labeled steroid. These competition experiments were 

crucial since it has been shown that within Any given cell, a variety 

of proteins exist, in addition to the GR, to which the DM may 
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covalently bind to, including small molecular weight compounds 

(particularly those with thiol anions, to which DM is attracted) and 

the low affinity album in which is abundant in the interstitial space. 

However, only the GR is satl'rable. In the present work, competition 

experiments with unlabeled dexamethasone resulted in approximately a 

65% reduction in overall 3H-DM labeling, thus demonstrating specificity 

in DM binding within the testis. The remaining 35% may have been be due 

to non-specific binc\ing of 3H- DM to other cellular components and 

proteins, as will be discussed below. 

Our second control consisted of LM immunocytochemical experiments, 

using the avidin-biotin peroxidase technique, both with a polyclona1 

antiserum and a monoclonal antibody to the GR. These experiments 

confirmed the presence of GR in the testis, the Leydig cells in 

particular. 

In our discussion of the LM results, the assumption was made that 

3H- DM (at least 65% of it) has labeled the GR and the significance of 

our results was based on this assumption. In the EH, it became pvident 

that some of the 3H- DM labeling is due to mitochondrial labeling which 

may or may not represent bona fide GR. 

Use of diffu~ible substances in radioautography 

A second limitation of our model concerns the potential for 

artefactual subcellular 3H- DM binding sites. As we are operating under 

the assumption that 3H- DM is forming a covalent complex with GR, then 

we must consider the possibility that this complex may be a free entity 

within the cell, i.e. not attachcd to or incorporated into any 

membranous structures. Upon fixation of the cell, this free entity /Oay 
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become fixed to an adjacent structure with which it is not normally 

aS50ciated. This phenomenon i5 referred to by Strumpf (1971) as 

translocation artifacts and 1s an important consideration when using 

diffusible substances in radioautography. However, if such is the case, 

then one would expect a equalized diffusion of 3H- DM to al1 membraneous 

structures throughout the cytoplasm, thereby labeling all organelles 

with the same intensity. 

Discussion of the results 

Light microscope (LM) 

lH-glucocorticoid binding sites in the testis 

Specific binding sites for the potent glucocorticoid, 

dexamethasone, within the testis were first demonstrated by Ballard et 

al. (1974), using juvenile, adrenalectomized rats. These findings 

contrasted with the previous work of Beato and Feige1son (1972) who had 

not detected any significant "receptor" activity wi'thin this tissue. 

However, it was on1y with the study by Evain et al. (1976) that an 

abundance of specific 3H-dexamethasone binding sites (receptors) was 

detected in enriched interstitial (Leydig) cells of an5.mals of 

different ages as compared ta the testis as a whole. 

Presence of lH-DM binding sites in rat testicular cells 

Leydig cells 

In the present work, computer-assisted quantitation of the LM 

radioautographs demonstrated specific glucocorticoid (3H- DM) binding 

sites in adult rat testicular Leydig cells, as was revealed through a 

statistically significant reduction (p<O.Ol) in silver grains overlying 

these cells in control animaIs as compared to the experimentals. The 
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heavy labeling of macrophages still observed in the presence of an 

excess of cold dexamethasone indicated that these cells were taking up 

3H- DM non-specifically, possibly by fluid-phase endocytos is, a well­

known function of these cells and secondly, that the area did in fact 

contain the labeled steroid. 

Seminiferous tubules 

Our deta also showed specifie 3H- DM binding sites in the cells of 

the seminiferous epithelium. Compared to Leydig cells, however, the 

radioautographic reaction over these cells was less intense (14%). 

Similarly, the LM immunocytochemical reaction over the seminiferous 

epithelium was weaker than that over Leydig ce11s. Because no one 

particular cell type was heavi1y labe1ed, 1ittle can be sa id regarding 

the target cells of the 3H- DM in the tubules. The presence of 

glucocorticoid binding sites in tubular cells is, however, compatible 

both with the study by Evain (1976) which revealed c;pecific 

dexamethasone binding sites in isolated seminiferous tubules, though at 

l/Sth the level seen in Leydig cells, and recent studies demonstrating 

that GR, as assessed in rat seminiferous tubules in vitro, were found 

in cultured Sertoli cells, from both immature and mature testes, as 

well as within cultured myoid ceUs, and isolated germ cells, i.e. 

pachytene spermatocytes and round spermatids (Levy et al., 1987, 1989). 

Preliminary results also indicated the presence of an 8 kb mRNA 

species, the known length of GR transcripts, in Sertoli and peritubular 

cells as weIl as Leydig tumor cells (Levy et al., 1987, 1989). 
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Subcellular localization of dH-DM - LM 1eve1 

In the LM, the majority of silver grains, representing 3H- DM 

binding sites, was seen over1ying the cytop1asm of the various cell 

types, the Leydig ceU in particu1ar. This is in agreement with the 

distribution of GR in other ceU types (Antak1y and Eisen, 1984; 

Antak1y et al., 1985; Picard and Yamamoto, 1987). Since the GR is 

expected to trans10cate to the nucleus upon binding the steroid, its 

predominant localization in the cytoplasm following binding to 3H- DM 

may be due to the decreased ability of the receptor-antagonist comp1ex 

to translocate to the nucleus as noted above. Alternatively, the 

receptor-DM comp1ex may require more than 15 minutes used in the 

present study to translocate to the nucleus, as opposed to the few 

minutes normally required for this event to occur (Schmidt and Litwack, 

1982). However, this does not seem to be the case since no significant 

nuclear labeling was observed following a 60 minute injection of 3H- DM 

in the testis (Sta1ker, unpublished results). 

Functional implications of glucocorticoid in the testis 

Previous studies have shown that the presence of GR is a 

prerequisite for glucocorticoid action (Munck and Leung, 1977; Baxter 

and Rousseau, 1979). Therefore, the present finding of an abundance of 

glucocorticoid binding sites in Leydig cells suggests that these cells 

may be targets for glucocorticoids in the testis. In fact, the most 

weU-documented biological effect of glucocorticoid in the testis is 

the suppression of steroidogenesis (Saez et al., 1977; Bambino and 

Hsueh, 1981). This was first observed in patients with hyperadrenalism, 

clinical1y known as Cushing' s syndrome (Gabrilove et al., 1974). In 
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hypophysectomized or intact rats, the administration of glucocorticoids 

to Leydig cells in vivo or in vitro decreased the stimulatory effects 

of gonadotropins on androgen production (Saez et al., 1977; Bambino and 

Hsueh, 1981). One mechanism by which glucocorticoids affect 

testosterone synthesis appears to be through inhibition of the activity 

of a steroidogenic enzyme, l7-hydroxylase (Welsh et al., 1982). 

Recently, it has been reported that glucocorticoids inhibit the 

cholesterol side-chain cleavage enzyme (P450scc) and its mRNA 

accumulation in normal Leydig cells, suggesting that this gene may be a 

glucocorticoid target (Hales and Payne, 1988a). Surprisingly, the same 

authors found an opposite glucocorticoid effect in a tumor Leydig cell 

line (Hales and Payne, 1988b). The observed reducdon in hCG binding 

sites in glucocorticoid- treated cells (Saez et al., 1977) was not 

thought to be a causal factor in lowered androgen 1evels since full 

steroidogenic responses can be evoked even at reduced levels of 

gonadotropin binding (Mendelson et al., 1975). 

Electron microscope (KM) 

lH-DM binding sites in the Leydig celi 

In the Leydig cell, specifie 3H- DM binding sites were mainly 

observed over three organelles cytosol (sER) , mitochondria, and 

cytosol (exclusive of other membraneous organelles, filaments, and 

microtubules) thus confirming the predominance of cytoplasmic grains 

seen at the LM level. In comparison, relatively few gLains were 

observed over the nucleus. 
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Cytoplasm 

In the cytoplasm, in addition to the cytosol (sER) , mitochondria, 

and cytosol, grains were also seen in association with other organelles 

including the Golgi apparatus and peroxisomes, though usually shared 

with one of the three aforementioned organelles. In fact, the 

exclusive grain counts for cytoplasmic organelles exclusive of the 

three listed above were too low to be considered as legitimate targets 

of 3H- DM . Even cytosol (in the experimental animals) had only 4% of the 

total exclusive grains which is similar to the exclusive counts of both 

Golgi apparatus and plasma membrane (including microvilli), 2.7% and 

3.0% of the total, res\)ectively. But cytosol was retained in the 

analysis because it was a component in the majority of shared grains. 

Interestingly, few grains were associated with electron-lucent vesicles 

(inclurling endosomes), MVBs, or secondary lysosomes, all of which are 

part of the endocytic pathway, one by which many peptide hormones enter 

a cell, Microvillar processes, the site of numerous hCG binding sites 

(Hermo and Lalli, 1988) only showed 2.9% of the total exclusive grains. 

Thus it appear~ that 3H- DM entered the Leydig cell by diffusion through 

the plasma membrane. 

Nucleus 

Over the nucleus, grains were located both deep within the 

nucleus, over the euchromatin, as well as towards the pariphery, and 

over the heterochromatin. Occasional grains were a1so seen over the 

nuclear envelope. Since 15 minutes is ample time for the steroid and 

receptor to translocate to the nucleus, it was not surprising to see 

nuclear labeling. However, as compared to the cytoplasm, the label over 
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the nucleus was very weak. Quantitation of grains in experimental 

animaIs revealed that of a total of 2781 corrected grains, on1y 210 or 

7.6% of the total were nuc1ear. DM has been shown to act primarily as 

a glucocorticoid antagonist which undergoes only about a quarter of 

normal translocation 1evels (Simons et al., 1983), a property which may 

have contributed to the low numbers of nuclear grains seen. 

Specificity of lH-DM binding 

At the EM level, Leydig ceUs from animals injected 

simultaneously with 3H-DM and an excess of cold steroid showed an 80% 

reduction of la~el which was an even greater displacement of label than 

seen at the LM where an excess of cold steroid resulted in a 65% 

reduction in label over both the seminiferous tubules and Leydig cells. 

Despite this reduction of grains over Leydig cells, the intracellular 

distribution of the grains was similar to that seen in the 

experimentals, most notably, cytosol (sER) and rnitochondria showed 

heavy labeling with 57% and 23% of the total corrected grains, 

respectively. Thus it seems unlikely that the 3H-DM , as a free entity 

within the ce Il (i.e. not attached or incorporated into any rnembraneous 

structure), underwent any random translocations during fixation thereby 

becoming fixed to an adjacent structure with which it is not normally 

associated. 

Cytosol (sER): lirnited resolution of radioautographic technique 

A substantial nurnber of grains were observed over the extensive 

sER tubular networks which perrneate the cell, both over the tubules and 

the adjacent cytosol. However, the task of classifying a grain within a 

sER network as exclusive to sER or shared between cytosol and sER was a 
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major problem since the limits of resolution for the radioautographic 

technique, about 100nm, were too large to be able to separate these two 

compartments. Grains found over dense sER networks in which little 

cytosol was present could not be classified as exclusive to sER since 

the surrounding cytosol may still have been the site of the radioactive 

source. Accordingly, a category called cytosol (sER) was developed for 

this study. Grains were classified as exclusive to this category only 

if 50% or more of the area of the resolution boundary circle was 

occupied by sER tubules and the rest, by cytosol. In cases where 50% or 

more of the circle was occupied by cytosol (and the rest, of sER 

tubules), grains were classified as shared between sER and cytosol. 

Thus the term cytosol (sER) considers the strong possibility that a 

grain over a sER network has arisen from a sER tubule without 

dismissing the presence of the adj acent cytosol. lt is important to 

note that this classification scheme was used regardless of the 

structure (sER tubule or cytosol) directly underlying the grain itself. 

Functional significance of the subcellular distribution of lH-DM 

While the labeling of the cytosol and nucleus was not surprising 

since these are the two traditional compartments in which GR are 

thought to reside (the nucleus containing activated GR only) , the 

labeling of the cytosol (sER) and mitochondria was unexpected. ln the 

case of the cytosol (sER) , one cannot dismiss the possibility of a 

cytosolic source giving rise to a sER grain, due to the small diameter 

of the tubules. If therefore these grains were assigned to the cytosol, 

it would mean that the total grain count for this organelle would be 

62%, 1. e. 53% + 9%. Such a rationale would thus increase the grain 
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counts over the cytosol. On the other hand, with the average diameter 

of a mitochondrion being lOOOnm or 1 um, well ab ove the limits of 

resolution for the radioautographic procedure, many grains are 

unquestionably arising from this organelle. lt is possible that the 3H_ 

DM was targeted to the chromatin of the rnitochondria, perhaps to 

regulate transcriptional activity of sorne mitochondrial proteins. 

Dexamethasone administration has ceen shown to stimulate mitochondrial 

protein synthesis thus suggesting sorne influence by the glucocorticoid 

on transcriptional activity in these organelles. 

Steroidogenic metabolism 

Alternatively, there exists a possibility that sorne of the 

injected 3H-DM was targeted to the steroidogenic organelles of the 

Leydig cell, namely the mitochondria and the sER, for metabolism. This 

may have happened if the 3H- DM saturated the GR in the cell thereby 

resulting in the excess 3H- DM being diverted to the steroidogenic 

organelles. Recently, Picado-Leonard and Miller (1988) compiled a ~ini-

database of sequence homologies amongst a number of steroid binding 

proteins, including several steroid receptors (SR), using residues 346-

366 of the human P450c17 (human) steroidogenic enzyme as the standard. 

This sequence is thought to represent either the whole or a portion of 

the steroid binding site of this enzyme. As would be expected, sequence 

homology was very high between human steroidogenic P450 enzymes 

(P450c17, P450c2l, P450scc, P450cll) (64/68 or 94% similarity). 

Although sequence similarity among human SR (progesterone, estrog~n, 

glucocorticoid, androgen, and mineralocorticoid) was not as high as for 

the enzymes, it was still very conservative (61/85 or 72% similarity). 
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Between species, the same pattern was repeated (enzymes: 92/102 (90%); 

receptors: 74/102 (73%» even with the inclusion of two avian SR. These 

results thus suggested little evolution of the steroid binding 

sequences in a variety of steroid binding pro teins amongst different 

species. Thus it is highly probable that the 3H- DM was recognized by 

the steroidogenic enzymes in the sER and mitochonùria as metabolic 

agents. 

lH-DM subcellular distribution in other cell types 

In support of this hypothesis, the distribution of 3H-DM in three 

other cells of the male reproductive tract, namely the Sertoli cells of 

the seminiferous epitheliurn of the testis, the interstitial macrophage 

of the testis, 3nd the epithelial principal cells of the epididymal 

initial segment, aIl of which are non- steroidogenic, do not show any 

significant labeling of mitochondria or endoplasmic reticulurn with 3H_ 

DM. In the cases of the Sertoli and principal cells, fifteen minutes 

after injection of 3H-DM into the interstitial space of the testis (for 

the Sertoli cell) and the underlying connective tissue space of the 

initial segment of the epididymis (for the principal cell), grains were 

located primarily over the cytosol in both of these cells. Very few 

grains were seen over or close ta mi tochondria. Interestingly, the 

nucleus again showed fewer grains than the cytosol. In the interstitial 

macrophage, 3H-DM was found predominantly over endocytic organelles, in 

particular, small endocytic vesicles and endosomes (15 minutes) and 

lysosomes (1 hour). Again, few, if any, grains were seen over or 

adjacent to mitochondria or endoplasmic reticulurn. In the LM, 

macrophages were heavily labeled with 3H- DM even in the presence of a 



41 

25- or 50- fold excess of cold dexamethasone. Thus it appears that the 

3H- DM uptake in the macrophage was non-specifie. 

In conclusion, in the Leydig ce1ls, 3H- DM appeared to be targeted 

to at least one steroidogenic organelle, the mitochondria and perhaps 

to the sER as weIl. The special features of the DM which allow it to 

bind covalently to the steroid binding site of the GR rnight have 

allowed it to do sueh in the metabolie enzymes as well, thus allowing 

it ta withstand the rigours of histologieal fixation. lt is interesting 

to note that the unlabeled dexarnethasone was able ta compete with the 

3H- DM for the rnitoch0ndrial binding site. This may indicate some 

speeificity in steroidogenic enzymes for glucoeorticoid binding. 

Further studies to be completed 

Ta substantiate our results both at the LM and FM levels, and to 

provide further insight into the significance of our results, further 

studies should be completed. These include: 

1. Use of a non-steroidogenic tissue. In this study, testis was chosen 

because of the apparent need to examine the cellular distribution of GR 

in this tissue, based on the functional effects of glucocorticoids 

previously examined in this tissue. However, since the Leydig ce 11 

whieh was the primary target of the 3H- DM in the testis is aIso a 

steroidogenic cell, one has to consider the possibility that the DM was 

metabolized in the extensive steroidogenic organelles of this cell. 

Therefore a repeat of this study in a glucocorticoid responsive, non­

steroidogenic, tissue would be an important control experiment. An 

ideal tissue for such a study would be the anterior pituitary, the 

corticotroph cells in particular, since tr~ adjoining tissue, the 
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neurointermediate lobe, is devoid of GR (Antakly et al., 1985). We did 

in fact perform such experiments (although with much difficulty due to 

the dilution of the injected 3H- DM in the bloodstream, local injections 

being difficult for this ti.ssue), and attained success only wi th in 

vitro label1ng, in which we found less labeling in the 

neurointermediate lobe as compared to the anterior pituitary (as 

counted with computer assisted image analysis). However, an EM study of 

these experiments was not pursued due to time constraints. 

2.EM immunocytochemistry. Although the morphology is usually very poor 

in immunocytochemical experiments, due to the low level of fixation 

necessary to 

localization 

retain antigenicity, 

of the unoccupied 

such experiments would allow for 

GR. As weIl, the potential for 

translocation artifacts during the fixation process would be 

considerably decreased. The drawbacks to this technique are the poor 

morphology (when using lowicryl as the embedding medium) and the need 

for an extremely sensitive antibody (antiserum) to detect the 

relatively low levels of GR present in a given cell. 'Iole started to 

perform sorne immunocytochemical experiments at the EM level on Leydig 

cells both with polyclonal and monoclonal antibodies but did not meet 

with much success mainly due to time constraints which did not permit 

us to achieve ideal conditions. 
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Table abbreviations 

ER endoplasmic reticulum (s - smooth, r - rough) 
cyto - cytosol 
mita - mitochondria 
nuel - nucleus 
pm - plasma membrane 
MVB - multivesicular body 



~ 51 
,!tr 

Table l - Quantitative radioautographic assessment of 3H-DK 1abe1ing in 
testicular cells of experimental (A-E) and control (F-H) animaIs using 
cODputer-assisted image analysis. Each value represents the Mean of 20 
fields (± standard deviation) and is expressed in computer pixels. 

Leydig cells of Seminiferous 
Animal Interstitium Tubules 

Experimental: A 5476 ± 2309 764 ± 365 
6877 ± 4931 834 ± 438 
6485 ± 2853 553 ± 186 
5978 ± 3562 704 ± 310 

B 7669 ± 2884 1191 ± 337 
4987 ± 1603 664 ± 220 
3799 ± 1546 393 ± 196 
8695 ± 3220 996 ± 340 

C 2728 ± 1229 478 ± 278 
10606 ± 3468 815 ± 391 

D 2899 ± 1141 687 ± 290 
2767 ± 1276 634 ± 178 
2941 ± 953 667 ± 286 

:1" 3794 ± 1189 1095 ± 477 
, . 

E 2278 ± 1189 474 ± 204 
4500 ± 1272 765 ± 354 
1287 ± 567 233 ± 98 
1429 ± 1060 337 ± 137 

Control: F 3594 ± 1735 547 ± 285 
1576 ± 603 379 ± 169 
3384 ± 2059 516 ± 196 
1496 ± 698 285 ± 123 

G 1962 ± 939 426 ± 219 
1675 ± 626 433 ± 147 

H 2068 ± 920 482 ± 245 
2206 ± 735 582 ± 186 
1061 ± 477 284 ± 146 
1030 ± 531 350 ± 177 
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Table 2 - Quantitative radioantop.aprl.c aW'Essment of 3u-œ labe1irg in 
t.est:.irular oells of experiment:al. (A-E) an:i CXlitrol (F-H) injected rats. 

Experimental I.evdia cells Cells of seminiferous 
epi theliurn 

A 6926 738 

B 6204 714 

C 6288 811 

0 3098 770 

E 3390 620 

Average value ± 5.0. 5181 ± 1794* 731 ± 72 

Control I.evclig cells Cells of seminiferous 
epitheliurn 

F 1816 449 

G 2512 432 

H 1046 317 

Average value ± 5.0. 1791 ± 733* 399 ± 72 

(p<0.01) ** (p<0.01) 

* 80 light miCI'OSCq>ic fields (20 fields/slide x 4 slides/animal) uroer 
oil illmersion were counted for the tvJo different groups of cells per 
animal (total 160 fields) (except for aninals C am G where 40 light 
microscx:.pic fields were counted for the two different groups of cells) 
arrl an average value then calculated for each animal. '!he average 
value OOtained frcm the different animals of each group (experimental = 
5: control = 3) was determined am expressed as computer pixels ± 
standard deviation (S.O.). 

** statistical significance between experimental arrl control animals 
for both graJpS of cells was assessed with a student's t-test. 
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Table 3 - a.me grain a:mrt:s aver I.eyài.g oel.ls after injectim of lu­
de.vaœthasme 21-mesylate into the interstitial spaoe of the :rat testis 
- IrdiviàJal. experiment:al.s. 

l EXClliSIVE 

cytosol (sER) * 
mitoch.orrlria 
nucleus 
cytosol*** 
pn/microvilli 
Golgi ~tus 
peroxisanes 

144 (34) ** 
177 (42) 
47 (5) 
23 (11) 
20 (5) 
10 (2) 

vesicles (all sizes) 

SHARED 

4 «1) 
1 «1) 

426 

~other**** 27 
mito/other 2 
cyto/other 13 
~cyto 75 
~cyto/other 18 
~nucl 
mito/sER 160 
mito/~other 6 
mito/cyto 44 
mito/cyt%ther 3 
cyto/nucl 4 
mito/~cyto 24 
mito/~cyto/other 1 
mito/sER/nucl 1 
~cyto/nucl 

378 

214 (46) 
140 (30) 

58 (12) 
22 (5) 
13 (3) 
13 (3) 

5 «1) 
1 «1) 

466 

19 

13 
143 

21 

176 
3 

36 
1 
5 

73 
1 

2 

493 

128 (44) 
96 (33) 
46 (16) 

8 (3) 
8 (3) 
5 (2) 
2 «1) 

293 

9 
1 
9 

87 
7 
3 

100 

17 

8 
45 

3 

289 

57 (49) 
45 (39) 

9 (8) 
3 (3) 

1 «1) 

1 «1) 

116 

5 

2 
41 

3 

20 
1 
4 

19 

95 

71(42) 
41(24) 
34 (20) 

6 (4) 
4 (2) 

10 (6) 
2 (1) 

168 

4 

11 
41 

7 

53 
1 

17 

7 
15 

1 

157 

* cytœol(sER) = a specially developed category for grains over sER 
networks where the limited resolution of the radioautograIillc technique 
was net able to separate the sER tubules arrl the adj acent cytosol. 
Grains were classified as "exclusive" to this category only if 50% or 
1l'Ore of the area of the resolution bourrlary circle in which they were 
situated was occupied by sER tul:ules (am the rest, cytosol). 
** Percentage of exclusive grains. 
*** cytosol exclusive of all membrane-J::nm:i organell~, fHëUœl1ts, am 
tu1::ul.es 
**** Golgi ~tus, perox.isaœ!s, electron-lucent vesicles, rER, 
al.l'tc:plagosaœ, MVBs, lysosaœs, am lipid c:ù:qllets. 
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Table 4 - enœ grain cnmts aver Ieydi.g oel.ls after. injectiat of lu­
dexaIDet:hasa1e 21-mesylate .into the interstitial space of tbe rat testis 
- IrùividJal CXlibools. 

ANIMAIS 

EXCIIJSIVE .1 " .J 

cytosol (sER) * 15 (43)** 21 (42) 16 (31) 
mitochorrlria 13 (37) 16 (32) 8 (15) 
nucleus 2 (6) 8 (16) 12 (23) 
cytosol*** 1 (3) 2 (4) 
prVmicrovilli 1 (3) 
Golgi awaratus 2 (6) 3 (6) 8 (15) 
vesicles (all sizes) 1 (3) 
lysoscmefMVB 2 (4) 6 (12) 

35 50 52 

SHARED 

sER/other**** 4 1 7 
mito/other 1 
cyto/other 4 1 5 
sER/cytD 8 17 10 
sER/cytD/other 2 4 5 
sER/nucl 1 1 
mito/sER 14 35 11 
mito/sER/other 1 1 
mito/cyto 2 1 
cyto/nucl 2 3 
mito/sER/cyto 8 3 
sER/cyto/nucl 2 
cyto/nucl/other 1 
mito/sER/cyto/other 1 

37 72 47 

* cytœol(sER) = a specially develope::l category for grains over sER 
networks where the limited resolution of the radiooutograpric 
tedm.ique was net able te separate the sER tubules arrl the adjacent 
cytosol. Grains were classified as "exclusive" te this category only if 
50% or lOOre of the area of the resolution bourrla1:y circle in which they 
were situated was occupied by sER tub..ù.es (arrl the rest, cytosol). 
.... Percentage of exclusive grains. 
*** cytosol exclusive of all membrane-bourd organelles, filaments, am 
tul::A.ll.es • 
**** Golgi ~tus, pe.roxiscJœs, electron-lucent vesicles, rER, 
aut:cplagosanes, MVBs, lysosanes, am lipid drq>lets. 
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Table 5 - ~ed cr:me grain oa.mts aver I.eydig oells after injecticn 
of Ja..œ.caiiethascne 21-11E!SYlate into the i.nt:ersti.tial space of the rat 
testis - Experimental. 

GRAm <XllNlS 

EXClIEIVE SHARED 

Organelle Grains OJ:ganel.l.es Grains 

cytosol (sER) * 614 (42)** sER/other**** 64 
mitochon:iria 499 (34) mito/other 3 
nucleus 194 (13) cyto/other 46 
cytosol*** 62 (4) sER/cyto 387 
pn/microvilli 46 (3) sER/cytD/other 56 
Golgi awaratus 40 (3) sER/nuel 3 
peroxisanes 13 «1) mito/sER 509 
vesicles (all sizes) 3 «1) mito/sER/other 11 

mito/cyto 118 
1471 mito/cyto/other 4 

cyto/IUlCl 24 
mito/sER/cyto 177 
mito/sER/cyto/ ether 1 
mito/sER/nucl 1 
sER/cytD/nucl 8 

1412 

* cytosol (sER) = a specially deve1cped category for grains OlIer sER 
networks lNhere the limited resolution of tta radioautograIillc 
technique was oot able ta separate the sER ~es arrl the adjacent 
cytosol. Grains were classified as "exclusive" ta this categery only if 
50% or rore of the a.rea of the resolution 1:::lœrdary circle in which they 
were situated was occupied by sER tubules (ard the rest, cytosol). 

** Perœntage of exclusive grains. 

*** cytosol exclusive of all rrenbrane-bourrl organelles, filaments, arrl 
tul::W.es. 

U'** Golgi awaratus, peroxisanes, rER, microvilli, plasma rrernbrane, 
lY'3QSC"I'IlPS, MVB, e1ectron-lucent vesicles, a\lt:q:hagosanes, arrl lipid 
drq>lets. 
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Table 6 - 100led cnDe grain cxmrt:s aver Ie}ùig oells after injectim 
of ~nethascme 21 '19SYlate into the int:ersti.tial. space of the rat 
testis - OlIluol. 

EXCIIlSIVE SHARED 

Orgaœlle Grains Organelles Grains 

cytosol (sER) * 52 (38)** sER/other**** 12 
mit.od'lorm"ia 37 (27) mito/other 1 
rrucleus 22 (16) cyto/other 10 
cytosol*** 3 (2) sER/cyto 35 
Golgi 13 (tO) sER/cyto/other 11 
lysosane 7 (5) sER/nucl 2 
microvilli 1 «1) mito/sER 60 
nultivesicu1ar body 1 «1) mito/sER/other 2 
vesicles (aH sizes) 1 «1) mito/cyto 3 

cyto/nucl 5 
137 cyto/nucl/other 1 

mito/sER/cyto 11 
mito/sER/cyto/other 1 
sER/cyto/nucl 2 

156 

* cytosol (sER)= a specially developErl cate.gory for grains over sER 
networks where the limited resolution of the radioautographic technique 
was not able te separate the sER tubules an:l the adjacent cytosol. 
Grains were classified as "exclusive" ta this category only if 50% or 
m:>re of the area of the resolution bounJary circle in which they were 
situated was oc:cupied by sER tubules (arrl the rest, cytosol). 

** Percentage of exclusive grains. 

*** Cytosol exclusive of all membrane-'bourD organell~, filaITellts, arrl 
'blblles. 

**** Golgi ~tus, peroxisaœs, rER, microvilli, plasma membrane, 
lysosanes, MVB, electron-lucent vesicles, autophagosomes, am lipid 
cirq>lets. 
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Table 7 - Crude random sampling hits of Leydig ceU structures obtained 
using the "circle hit- method (expressed as abso1ute numbers)-
Individua1 experimentals. 

ANlMALS 

EXCLUSIVE l 2. 1 ~ 2 

smooth ER 353 394 435 183 276 
mitoch"ndria 147 86 125 69 116 
nucleus 345 286 359 97 291 
cytoso1 90 27 55 26 61 
Golgi apparatus 56 28 27 5 30 
pm/microvi11i 116 53 69 16 40 
peroxisomes 12 9 13 3 8 
vesie1es (a11 sizes) 5 8 2 2 
1ysosome/MVB 2 3 5 
autophagosome 4 
lipid 1 3 

1126 888 1094 401 832 

SHARED 

sER/other* 33 52 62 31 51 
mit%ther 2 3 1 2 
eyt%ther 104 56 94 30 50 
sER/eyto 308 287 313 131 259 
sER/eyt%ther 50 37 45 16 35 
s ER/nue 1 1 5 3 3 
mito/sER 161 204 200 98 162 
mito/sER/other 3 1 2 1 8 
mito/eyto 50 21 40 22 34 
mito/eyt%ther 1 2 4 1 
eyto/nue1 30 20 27 5 29 
eyto/nucl/other 2 
mito/sER/eyto 19 67 79 30 67 
mito/sER/eyt%tn~r 4 2 1 
mi to/sER/nue1 1 2 
sER/eyto/nuel 1 8 11 2 3 
sER/cyto/nuc1/other 1 
mi to/cyto/nuc 1 2 
other 2 1 

763 772 888 368 704 

* Golgi apparatus, peroxisomes, e1ectron-lucent vesic1es, rER, 
autophagosomes, MVBs, lysosomes, and 1ipid drop1ets. 
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Table 8 - Crude random sampling hits of Leydig cell structures obtained 
by aiD& the ·circle hit· .ethod (expressed as absolute numbers)­
Individual controls. 

EXCLUSIVE 

smooth ER 
mitochondria 
nucleus 
cytoso1 
Golgi apparatus 
pm/mie rovilli 
vesic1es (al1 sizes) 
peroxisomes 
1ysosome/MVB 
autophagosomes 
lipid 

SHARED 

sER/other* 
cyt%ther 
sER/eyto 
sER/eyt%ther 
sER/nue1 
mito/sER 
mito/sER/other 
mito/cyto 
cyto/nuc1 
mito/sER/cyto 
mito/sER/cyt%ther. 
sER/cyto/nuc1 
other 

l 

128 
46 
50 

5 
27 
41 

3 

2 
1 

303 

29 
17 

108 
22 

2 
71 

1 
6 
4 

23 

1 
1 

285 

AN l MALS 

109 
18 
85 
13 
12 

9 
1 
2 
3 
1 

253 

19 
18 
80 
11 

55 
5 
3 
9 

12 

212 

84 
28 

100 
11 
22 

7 

1 
1 

4 

258 

29 
13 
76 

7 
2 

30 
1 
6 
4 

11 
2 
1 

182 

* Golgi apparatus, peroxisomes, e1ectron-1ucent vesic1es, rER, 
autophagosomes, MVBs, lysosomes, and lipid drop1ets. 
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Table 9 - Pooled crude randoœ sampling bits obtained by using the 
·circle bit· method (expressed as absolute numbers) - Experimental. 

EXCIJJSIVE SHARED 

Organelle Circ les Organelles Circles 

smooth ER 1641 sER/othe,r* 230 
mitochondria 543 mit%ther 8 
nucleus 1386 cyt%ther 334 
cytosol 251 sER/cyto 1298 
Golgi apparatus 146 sER/cyt%ther 182 
pm/microvi11i 294 sER/nuel 12 
peroxisomes 45 mito/sER 825 
vesic1es 17 mito/sER/other 15 
1ysosome/MVB 10 mito/cyto 167 
autophagosome 4 mito/cyt%ther 8 
lipid drop lets 4 cyto/nuc1 111 

cyto/nuc1/other 2 
4341 mito/sER/eyto 262 

mito/cyto/sER/other 7 
mito/sER/nuel 3 
sER/cyto/nuel 25 
sER/cyto/nucl/other 1 
mito/cyto/nue1 2 
other 3 

3495 

59 

* Golgi apparatus, plasma membrane, microvilli, peroxisomes, electron­
lucent vesic1es, lysosomes, MVB, autophagosomes, 1ipid drop1ets, rER. 
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Table 10 - Pooled crude randoa saapling hits obtained by using the 
·circ1e hit- method (expressed 8S absolute numbers) - Control. 

EXCUJSlVE SHARED 

Organelle Circles Organelles Circ les 

smooth ER 321 sER/other* 70 
mitochondria 92 cyt%ther 49 
nucleus 235 sER/cyto 264 
cytosol 29 sER/cyt%ther 48 
Golgi apparatus 59 s ER/nue 1 4 
pm/microvilli 57 mito/sER 156 
peroxisoJ'les 3 mito/sER/other 6 
vesicles 4 mito/cyto 15 
lysosome/MVB 6 cyto/nucl 17 
autophagosome 2 mito/sER/cyto 46 
lipid droplets 4 mito/sER/cyt%ther 3 

sER/cyto/nucl 2 
812 other 1 

681 

* Golgi apparatus, plasma membrane. microvilli, peroxisomes, electron­
lucent vesicles, lysosomes, MVB, autophagosomes, 1ipid droplets, rER. 

l ___ _ 
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Table Il - Percent hits on Leydig cell structures obtained by using 
the ·Point hit- (PH) and ·Circle hit· (CH) methods - Individual 
ani.Jaai~. 

Experimental 

1 .2. 1 ~ 2-

Organelle PH CH PH CH PH CH PH CH fi:! CH 

Smooth ER 29 49 40 64 29 58 32 64 37 56 
Mitochondria 14 20 14 23 10 23 17 29 17 2S 
Cytosol 28 35 21 32 21 34 26 34 25 3S 
Nucleus 20 20 18 20 35 20 19 14 14 21 
Other* 9 7 5 6 7 

Control 

1 l .1 

Organelle PH CH PH CH PH CH 

Smooth ER 37 6S 33 63 31 5S 
Mitochondria 13 25 12 20 12 18 
Cytosol 30 32 25 3l 22 30 
Nucleus 9 10 22 20 24 24 
Other* 1l 8 11 

* Golgi apparatus, rER, peroxisomes, microvilli, lysosomes, MVB, 
electron-lucent vesicl2s, autophagosomes, and lipid droplets. 
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Table 12 - Percent hits on Leydig cell structures using the "Point hit" 
(PH) and "Circle hit" (CH) methods - Pooled results. 

Experimental Control 

Orianelle PH CH PH CH 

Smooth ER 33 57 34 62 
Mitochondria 14 24 12 21 
Cytoso1 25 34 26 32 
Nucleus 21 20 18 17 
Other* 7 10 

* Golgi apparatus, rER, peroxisomes, microvi11i, lysosomes, MVB, 
electron-lucent vesicles, autophagosomes, and lipid droplets. 
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'nIble 13 - I.abel.i.rq of frur ar:qanelles in the Ieyàig oel.l by 3u-rM 
(after oarrecti.als) dJta:ined fnD in:J.ividJa1 animl s, exp:UJSCd as 
abealute nm'ers (a) am pel:CBIL of the total (b) - Experimental. 

a a a a 
330 319 71 49 

b b b b 
1 43% 41% 9% 6% 

c c c c 
1.47 2.85 0.32 0.30 

a a a a 
550 242 74 61 

b b b b 
2 59% 26% 8% 7% 

c c c c 
1.50 1.84 0.38 0.36 

a a a a 
324 149 40 54 

b b b b 
3 57% 26% 7% 10% 

c c c c 
1.95 2.63 0.34 0.29 

a a a a 
123 62 15 9 

b b b b 
4 59% 30% 7% 4% 

c c c c 
1.83 1.78 0.27 0.23 

a a a a 
163 71 39 36 

b b b b 
5 53% 23% 12% 12% 

c c c c 
1.43 1.32 0.50 0.84 

a = True silver grain coont (absolute Il\.IltiJer). 'lbe surn of this reM 

equals the total number of corrected grains. 
b = Relative content of label (%) -

the ratio of the true grain coont / corrected grain total 
c = Relative concentration of label -

the ratio of relative content of label (%) / relative volume (%). 
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Table 14 - Iabel.irg of fcm: arganelles in the Ieydig oeil by ~-[M 
Cafter oat'%'eCt:ials) dJtai.ned f:rcm iRiivic:lJal aninal s, expLessed as 
abBolute n'WliJers (a) an! percent of the total (b) - OAlb:ol. 

cmB>LCSERl Ml'lUClœœIA c.Y.ltEOL NUClHE 

a a a a 
40 17 9 2 

b b b b 
1 59% 25% 13% 3% 

e c e e 
1.59 2.01 0.42 0.32 

a a a a 
78 27 3 9 

b b b b 
2 66% 23% 3% 8% 

e e e e 
2.02 1.91 0.11 0.36 

a a a a 
45 11 15 14 

b b b b 
3 53% 12% 18% 17% 

e e e e 
1. 72 1.04 0.81 0.68 

a = True silver grain count (absolute rnnnber). '!he sum of this rrM 
equals the total number of corrected grains. 

b = Relative CXll'ltent of label (%) -
the ratio of the true grain count / corrected grain total. 

e = Relative corx::entration of label -
the ratio of relative content of label (%) / relative volume (%). 
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Table 15 - lOOl.ed :œsul.ts of the laheJirq of four organelles in the 
Ieydiq oell by 3a-œ (after cunect.icns), expressed as atsolute nmi;et"S 
(a) am peroellt of the total (h). 

ExperimentaI, (~ 

~L(sm) Ml'.lUCHH.RIA c.YltB)L tu::IHE 

a a a a 
1463 855 253 210 

b b b b 
53% 31% 9% 7% 

e e e e 
1.63 2.15 0.36 0.33 

CDrtrcl. (~+ Dexa) 

~L(sm) MI'l'OCl-D«IUA cna;oL l<IJCl.Em 

a a a a 
154 61 29 26 

b b b b 
57% 23% 11% 9% 

e e e e 
1.67 1.83 0.43 0.55 

a = True silver grain comt (absolute rn.unber). '!he sum of this reM 

equals the total mnnber of correcte1 grains. 
b = Relative content of label (%) -

the ratio of true sil ver grain count / corrected sil ver grain 
total. 

e = Relative concentration of label -
the ratio of relative content of label (%) / relative volume (%). 
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Table 16 - Statistica1 ana1ysis of the relative content (b) and concentration (c) 

of 3H- DM in four Leydig cell organelles, tested using a Stunent's t-test. 

NUCLEUS 

b 
P > 0.05 

CYTOSOL 
c 

P > 0.05 

b bo 
P < 0.001 P < 0.001 

CYTOSOL (SER) 
C c 

P < 0.001 P < 0.001 

b b b 
P < 0.001 P < 0.001 P < 0.001 

; MITOCHONDRIA 
c c c 

P > 0.05 P < 0.001 P < 0.001 

~ 

'" '" 

" 
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Plate 1 

Fig. 1. lDiI power ~Cl:~ of a portion of two seminiferous 
tut:W.es an:l the :inteJ::veni.n;J intersti tial space (IS) of a testis frcm a 
rat injected with 3H-IH. Note the at'R.lrdarre of silver grains overlyin;} 
the I.eydig cells (L) as c:atpared to the weaJœr, rrore rarrlan grain 
clistriJ::ution over the cells of the sen.iniferous epithelitnn (SE). bv, 
Blood vESSEa. X 600. 

Fig. 2. High power Iilotanicrogra{i1 of numerous I.eydig cells (L) of the 
interstitial space (IS) of a rat testis injected with 3H-rn. SUch ce11s 
show many silver grains whidl are located IOOStly over the cytop1asm. 
bv, B100d vessel; seminiferCA.lS epithelium. X 1,200. 



c 

c 

, 

" 

i.":-:- • ..... ., 
' .. : .. -: 

-. • 

I •• ~,;."~· " ".'1 ,... .. . ~ 

.' 

.. 

-;; .(, ~tf. " 
" ... 'lI .... ... .' '\0'" .• '. ... ~'i •. .. ~ ... ~ .... 

.. 

1 

• • 

-. .:. 

\.. 

• .. ' 
::.. '" ~ ... , " .. ~ . 
·f· • ., 

15 

2 

.' .~ • .. 
" 

~~ . , 
~ . .. . 

.. 

_, . 

.. 

, \.. 

SE . , • . 
~ .. ' 

• . 
" 

• 

.. 

. . 
~, . , \ 

,'" ",. 

• 
t# .. 

'J . r .' 

• 
' .. 

~. . . . ~ • . . 

1 \.' 
;\. -, 
• 

... 
. • 

15 

• 

• 

, • SE 

.. 
• 

• 

. . 

-: 

/ 
l' 

. .. 



68 

Plate 2 

Fig. 3. Light microg:tafil shc:Mi.n:J portions of two seminiferous tubules 
am many I.eydi~ cells of the interstitial spaœ (IS) of a rat testis 
injected with H-[M in conjunctian with a 25- fold excess of cold 
dexamethasone. Note that labelirg aver L~ydig œlls (L) am œlls of 
the seminiferalS epithelium (SE) is greatiy reduced urder such 
conditions. X 1,200. 

Fig. 4. High power J;i1otaniC:tog:taIil of cells of the interstitial space 
(IS) of a rat testis injected with 3H-œ: in conjunction with a 50- fold 
excess of unlabeled dexamethasone. Ieydi.g cells (L), identified by 
their large size and darkly stained cytq>lasm, are weak.ly labeled. 
However, a few cells of smaller size am shOVlin;J a paler cytoplasrn, 
identified as maCI"O{i1ages (M), are well labeled reflecti.rq non-specific 
errlocytœis by these cells. bv, Blcxxl vesse!. X 1,500. 
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Plate 3 

Fig. 5. Inmmocyt:.od1emcal local.ization of glucocorticoid receptor (GR) 
in histolCXJica1 sections of the testis of rats treated with 
dexatœthasone am reacted with GR antibody. ~ stainin:J is seen 
CNer Ieydig œlls (L), 'While cells of the seminiferaJS epithelium (SE) 
are ~y stained. IS, interstitial space. COOnterstained with 
roothylene blue. a, X 400. b, X 1,000. 

Fig. 6. Testicular tissue frau a rat treated with non-immune rat IgG. 
'!he I.eydig œlls (L) an::i cells of the seminiferous epithelium (SE) show 
only backgralrrl stain.in:J due ta the methylene blue coonterstain. IS, 
interstitial space. a, X 400. b, X 1,000. 
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Plate 4 

Fig. 7. High power electron miCl:OCJl:aIil of portions of three l.eydig 
cells 15-20 minutes after injection of 3H-[M into the testicular 
interstitial space. Silver grains are predaninantly associated with the 
mitoc.ba1'Kk'ia (m) - either deep to the interior (vertical arrows), 
towards the peri};i1ery (horizontal arrows) , or over the outer 
mitoc.ba1'Kk'ial mesti:lrane (arrowheads). Grains are also seen over the 
sroooth e.rxiq>lasmic reticulum (ser), in:::ludirg those tul::W.es which are 
closely awosed to mitochonù"ia (CUIVed arrows), as weIl as cytosol 
(circled), an:l plasma membrane (small arrow). is: interstitial space. X 
39,520. 
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Plate 5 

Fig. 8. High por..ler electron microgt:aJ;fl of a IX'rtion of a Leydig cell 
15-20 lT'inutes after injection of 3H-rM into the testicular interstitial 
space. Grains are asscx::iated with mitochorrlria (m), srrooth errloplasmic 
reticulum (ser) , or shared between these two organelles (cw:ved 
arrows). OVer the mitochorrlria, grains are situated either deep ta the 
interior (vertical arrows), or towards the periP'lery (horizontal 
arrows) - sanetimes directly over the art.er mit:odlorrlrial tœmbrane 
(arrowheads). Note the absence of grains associated with peroxiscrnes. X 
39,520. 
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Plate 6 

Fig. 9. Rigil pc7.Ner electron miCJ:ogl:a{il of a portion of a I.eydig cell 
15-20 minutes after injection of 3H-I:M into the testicular interstitial 
spac:e. Silver grains are associated predaninantly with mitochororia (m) 
am Sl'OClOt:h errlq)lasmic retia..ù.um (ser). GraiPs OlIer the sER are seen 
either directly overlyin;J the lurren of the tubules (small arro;.;s) or 
OlIer the cytosol imnediately adjacent ta the tubules (circled). Many 
grains are seen civer the tubules closely aRXJSed ta mi tochorrlria 
(curved arrows). g: Golgi apparatusi is: interstitial space. X 39,520. 

Fig. 10. Rigil pov.'eI' electron miClogl:atil of a portion of a I.eydig cell 
15-20 minutes after injection of 3H-I:M into the testicular interstitial 
space. Note the relative absence of sil ver grains fran the Golg i 
apparatus (g). Grains are again seen in asscx:::iation with the 
mitochororia (m) am SIOOOth en::lq>lasrnic retia.ùmn (ser). X 39,520. 
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Plate 7 

Fig. 11. Rigil power electron micrograIi1 showID;J portions of two Leydig 
cells 15-20 minutes after injection of 3H-œ into the testicular 
interstitial space. Note the silver grains associated with the nucleus 
(n, arrows). Grains are also seen aver mitochorrlria (m) ard SI'IDOth 
errloplasmic reticulum (ser). X 39,520. 
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Plate 8 

Fig. 12. Righ paNer electron miCICXj:tap:t of a portion of an 
interstitial macrq:ilage 15-20 minutes after inj~ ion of 3H- CM inta the 
tcsticular interstitial space. Silver grains are predaninantly 
associate::i with the extensive vesicular c::œpartment (v) of this cell. 
Sane are seen centered aver the vesicles (arrcMS), includirg errlosanes 
(e, inset) whereas ethers are situate::i aver the cytosol inunediately 
adjacent ta the vesicles (cmved ar:t'(1.o1S). Relatively few grains are 
associate::i with lysosanes (ly). Note the absence of mitochorrlrial (m) 
grains. X 39,520. 
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