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Abstract approved 

Tissue obtained by punch biopsy from the antebrachial organ of 

Lemur catta has been studied with the electron microscope. This study 

describes the fine structure of the interstitial cells found between 

apocrine sweat glands in the antebrachial organ. These large poly- 

gonal cells are of three types: light cells, dark cells, and cells 

intermediate between these two types. The light cell contains a 

large vesicular nucleus, small tubular and vesicular elements of an 

agranular reticulum, numerous mitochondria with lamelliform or villi- 

form cristae, microfilaments, and large aggregates of membrane- 

bounded particles. The dark cell has a dense, irregular nucleus, 

expanded vesicles of agranular reticulum, mitochondria with few 

cristae, microfilaments, and a large, hexagonal crystalloid of tubular 

structure. The intermediate cell is widely variable in appearance, 
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containing usually expanded elements of agranular reticulum, mito- 

chondria with both types of cristae, very dense aggregates of membrane - 

bounded particles, and occasionally a more or less developed crystal- 

loid. Discussion is presented comparing the interstitial cell of the 

antebrachial organ with steroid hormone secreting cells, particularly 

the Leydig cell of the testis. 
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FINE STRUCTURE OF THE INTERSTITIAL CELLS OF THE 
ANTEBRACHIAL ORGAN OF LEMUR CATTA 

Introduction. 

The Ring -tailed Lemur, Lemur catta (Linnaeus, 1758), is a pro - 

simian primate whose habitat, like that of all true lemurs, is con- 

fined to the island of Madagascar. It is the most terrestrial of 

lemurs, living partly in the trees and partly in dry, rocky terrain. 

It is herbivorous, eating leaves, flowers, and fruits, mainly prickly - 

pear. Breeding is seasonal; according to one report (18, p. 386), 

copulation occurs in November- December, and parturition occurs in 

August. In appearance, the Ring -tailed Lemur is raccoon -like, with a 

long muzzle and foxy face, a grey and white pelage, and a long, bushy 

tail ringed in black and white (see Fig. 1). It has two pairs of 

prominent cutaneous glands: the brachial gland on the shoulder, and 

the antebrachial organ on the forearm. The antebrachial organ is 

found uniquely in L. catta and in Hapalemur griseus (18, p. 352). 

Because of its prominence, attention was drawn to this organ as 

early as 1887 by Sutton (50, p. 369 -372), who described "a collection 

of glands resembling sweat glands" but did not mention the interstitial 

tissue. Pocock, in 1918 (35, p. 25 -27), noted the presence of the 

gland in L. catta and in H. griseus but added little to Sutton's 

description. The interstitial tissue was first named by Affolter 

(1, p. 90) in 1938 in H. griseus. Affolter did not ascribe any 

function to this tissue. Montagna (27, 28), in characterizing the 

antebrachial organ of L. catta histochemically, described clusters of 

large interstitial cells lying between the sweat glands which he 

compared with testicular Leydig cells. He found in these cells many 
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inclusions and vacuoles and a hexagonal crystalloid. He stated that 

these cells "have the histochemical properties of active cells" and 

concluded that they comprise an unknown endocrine organ (28, p. 102). 

This study is an effort to describe the morphology of these inter- 

stitial cells at the electron microscope level in order to elucidate 

their fine structure and, possibly, their function. 
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Methods and Materials. 

Young adult male and female Ring -tailed Lemurs (Lemur catta) were 

used in this study, through the courtesy of the Oregon Regional Primate 

Research Center, Beaverton, Oregon. 

Tissue from the antebrachial organ was obtained by punch biopsy 

or by knife biopsy while the animal was under Sernylan general anes- 

thesia, transferred within a few seconds to vials of cold fixative, 

and subsequently minced into fine pieces. Fixation was continued 

for 2 -3 hours at 4 °C. The fixative, buffered in all cases to pH 7.4, 

was either 1.33% 0504 buffered with 0.067 M s- collidine (5, p. 113 -114) 

or 2% glutaraldehyde buffered with 0.05 M cacodylate and followed by 1% 

0s04- cacodylate (modified from 44, p. 19 -58). After fixation the tis- 

sue was rapidly dehydrated in several changes of cold ethanol of in- 

creasing concentration and brought to room temperature in absolute 

ethanol. After overnight dehydration in absolute ethanol, sometimes 

with 1% phosphotungstic acid added as a bulk stain, the tissue was 

passed through two changes of propylene oxide and embedded in Araldite 

(26, p. 409 -414). 

Thin sections were cut with glass knives on an LKB Ultrotome, 

stained with aqueous uranyl acetate (53, p. 475 -478) and lead citrate 

(40, p. 208 -212), and examined in an RCA EMU -3F electron microscope. 

Photographs were taken on Kodak Medium Contrast Lantern Slide Plates. 

Thick sections (1 -1 µ) were stained with 1% toluidine blue (51, p. 

343 -348) or 1% methylene blue -azure A (41, p. 313 -323) for examination 

with the light microscope. 
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Observations. 

The antebrachial organ is a cutaneous gland situated in the dermis 

on the flexor surface of the forearm in both male and female Ring - 

tailed Lemurs see Montagna (27, p. 192 -194) for a detailed anatomical 

description]. 

In this organ, the interstitial cells are arranged in groups 

of 5 to 20 cells in the spaces between the apocrine sweat glands. They 

are large, polyhedral cells measuring 10 -25 p. Each cell is surrounded 

by a basement lamina and by collagen fibrils (Figs. 4, 10, 11). Con- 

nective tissue trabeculae run between clusters carrying blood vessels 

and myelinated nerve fibers (Fig. 2). There is no intimate association 

of the interstitial cells with blood capillaries, nor is there any 

evident relationship between the interstitial tissue and the sweat 

glands, the glands being isolated by basement laminae and several layers 

of connective tissue. Three types of interstitial cells are encounter- 

ed: a light cell, an intermediate cell, and a dark cell. Either 

light or dark cell type may predominate in a nest, or all three may 

be found together (Figs. 3, 4, 10). In some glands one type may be 

much more frequent. Intermediate cells are seen infrequently, inter- 

spersed apparently randomly in the clusters. In addition, some undif- 

ferentiated mesenchymal -type cells are seen in the interstitium. 

LIGHT CELL. The light cell has a large vesicular nucleus of 

5 -10p diameter with diffuse chromatin and a tight perinuclear 

cisterna; the cell is occasionally binucleate (Figs. 2, 3). The 

cytoplasmic matrix is fairly homogeneous and of moderate electron 

density. An agranular reticulum is dispersed throughout the cytoplasm 
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in numerous tubular or vesicular elements of 100 -300 my diameter. In 

some places the agranular reticulum may be tightly compacted in a 

tubular arrangement (Fig. 6). Elements of the Golgi apparatus are 

difficult to distinguish from the many tubular and vesicular elements 

of the reticulum. There is a paucity of distinct Golgi material. A 

prominent feature of this cell are the mitochondria, of which there 

are two populations. In the majority of mitochondria, the internal 

membranes are arranged in the usual fashion as parallel lamelliform 

cristae. There are round or ovoid or occasionally rod -like -like mitochon- 

dria 0.5 -1 µ in diameter. In the second population, the cristae have 

a peculiar, tortuous tubular shape. They are nearly always round or 

ovoid and 0.5 -1 p in diameter. In both populations, the mitochondrial 

matrix is much denser than that of the surrounding cytoplasm (Figs. 5, 

7, 8). Another prominent feature of the light cell is the presence of 

membrane- bounded particles of varying diameter from 90 mp to 0.5 p. 

These particles are found in large numbers in masses that may reach 5 -7 

µ in extent. Aggregates of agranular reticulum and mitochondria of 

both types often are associated with these particles (Fig. 5). 

Mitochondria at times may be seen surrounded by particles. Sometimes 

these particles become so dense that their membranes are difficult to 

distinguish. Two other particulate bodies also occupy the cytoplasm 

of the light cell. Dense bodies 0.5 -1 p diameter are found. These are 

quite osmiophilic and may contain numerous small vesicles; they have a 

granular appearance. These bodies are limited by a membrane, but it 

is usually very difficult to distinguish (Fig. 7). Small bodies re- 

sembling cytolysomes are seen, usually enclosing various membranes, 
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vesicles, and granules. They are 500 -800 mp in diameter and vary 

0 

widely in appearance (Fig. 7). Microfilaments of 50 -70 A diameter 

are found in the cytoplasm, apparently without any special orientation 

(Fig. 8). Granules of glycogen are seen often in the cytoplasmic 

matrix. 

DARK CELL. In the dark cell, in direct contrast to the light 

cell, the nucleus is dense and irregular in outline with clumped 

chromatin and a dilated perinuclear cisterna. The diameter of the 

nucleus is 6 -8 p. The mitochondria have few cristae, which are 

lamelliform; the mitochondrial matrix is usually less dense than that 

of mitochondria found in the light cell (Fig. 10). They are round 

or ovoid and 0.5 -1 p in diameter. The agranular reticulum is expanded 

into vesicles of 0.2 -1 diameter, reducing the cytoplasmic matrix 

into thin, dense strands between vesicles, and giving the cell its 

characteristic "foamy" appearance (Figs. 10, 11). Other components 

of the cytoplasm are microfilaments, which are seen frequently 

(Figs. 11, 12), and dense bodies, seen rarely. Glycogen and large 

aggregates of membrane- bounded particles have not been seen. The most 

prominent feature of the dark cell is a more or less developed crystal- 

loid, whose profile,often hexagonal,may be 7-10p in diameter (Fig. 

10). The crystalloid is composed of tubules which are continuous with 

the membranes of the agranular reticulum (Figs. 11, 13). The diameter 

0 

of the tubules is approximately 200 -250 A. The arrangement of the 

tubules is such that in cross section they appear to be composed of a 

meshwork, almost as if knitted. Infrequently the crystalloid displays 

a moiré pattern. Mitochondria are frequently associated with the 
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crystalloid, and occasionally mitochondria or membrane- bounded 

particles appear to be "trapped" in the meshwork (Figs. 9, 11). 

Microfilaments are seen often either intimately associated with the 

crystalloid or in the adjacent cytoplasm (Figs. 11, 12). Rarely, 

myeloid figures are seen in the center of the crystalloid. Crystal- 

loids appear to be more common in the female. In thick sections (1 p) 

of biopsy material from each animal examined in the light microscope, 

25 -50% of cells in the female have crystalloids, compared to 7 -10% 

in the male. 

INTERMEDIATE CELL. Cells intermediate in type between dark and 

light cells are seen. These vary widely in appearance. Usually, the 

intermediate cell has the appearance of a light cell, containing many 

organelles as described for that cell, but with expanded vesicles of 

agranular reticulum of varying diameter and often with very dense 

aggregates of membrane -bounded particles; c.. asionAlly such a cell 

may contain a more or less developed crystalloid (Fig. 12). Rarely 

a cell is seen which has both dense aggregates of membrane- bounded 

particles and a crystalloid; mitochondria in these cells vary from 

those with numerous villiform and lamelliform cristae to those with 

few cristae, and the agranular reticulum is usually somewhat expanded. 
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Discussion. 

The presence of light and dark cells in the interstitial tissue 

of the antebrachial organ of Lemur ratty leads to speculation as to 

the relationships between the morphology of these cell types and their 

possible physiological variability. If it may be assumed that one 

cell type is converted into the other, as is suggested by the presence 

of intermediate cell types, the physiological stimulus which deter- 

mines this change and the direction of the conversion pose challenging 

problems. In his characterization of the antebrachial organ of L. 

catty, Montagna (27, 28) does not distinguish light and dark cells in 

the interstitial tissue, perhaps due to the histochemical techniques 

employed. He speaks, however, of cells with cytoplasmic vacuoles and 

cells without such inclusions (28, p. 101); these may correspond to 

dark cells (with vacuoles) and light cells (no vacuoles) of this 

study. Since Montagna compares the interstitial tissue to the Leydig 

cells of the testis (27, 28), it is of note that light and dark cells 

are found in testicular interstitial tissue (7, 8), the differing 

cell types being merely manifestations of variation in physiological 

activity. Such physiological diversity is proposed for the inter- 

stitial cell of the antebrachial organ. 

The physiological activity of the interstitial cell is complicated 

by the presence of many different organelles, most of which may undergo 

variation. The membrane -bounded particles are one such organelle, the 

nature of whose role in cellular activities is unknown. At times they 

approach the size of mitochondria (0.5 p) and are similar to them in 

the density of their matrix. Indeed, mitochondria with few or no 
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cristae are very similar to these particles except that they have two 

membranes rather than one. This may lead one to postulate a relation- 

ship between these two organelles; for example, mitochondria with many 

cristae may transform into mitochondria with few and then no cristae, 

and these in turn may lose their internal membranes altogether and 

appear as membrane- bounded particles. (The opposite sequence of events 

might also be postulated; however, in studies of mitochondria- -see 

Elliott and Bak (11) for review such origin has been encountered.) 

Mitochondria associated with fatty yolk production have been seen 

(52, p. 324) to their internal membranes as lipid accumulates, 

suggesting that the lipid of the membranes contributes to yolk forma- 

tion; dense, granular bodies are seen in conjunction with this process. 

Other authors (8, 11) also relate formation of dense lipid bodies to 

the degeneration of mitochondria. However, in antebrachial organ 

interstitial cells, so- called dense bodies are encountered but not 

often enough to relate them to mitochondria nor are obviously degene- 

rating mitochondria encountered. The membrane- bounded particles may 

represent mitochondria which have became transformed, rather than de- 

generate ones. 

The crystalloid is another constituent of the interstitial cell 

the formation of which is problematical. It is seen to be continuous 

with the agranular reticulum (Figs. 11, 13) and is interpreted as 

being formed by a differentiation of the reticulum. The mechanism of 

this transformation is unknown. Mitochondria are frequently associated 

with the crystalloid, presumably functioning as an energy source. 
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Microfilaments very often are found near the crystalloid (Figs. 11, 

12), but their role, if any, has not been determined. One problem is 

whether additional membranes are formed in organizing the crystalloid 

or whether the already- existing reticulum is utilized, thus reducing 

the amount of reticulum left free in the cytoplasm. If the membranes 

of the reticulum are derived from the nuclear envelope, as is some- 

times assumed (36, 13), no evidence has been found in the interstitial 

cell of the formation of additional membranes which might function in 

crystalloid formation. If the already- formed membranes are used, 

this might explain the dilated appearance of the vesicles of agranular 

reticulum in the dark cell; as more of the 300 mu diameter reticulum 

is removed from the cytoplasmic matrix and compacted into 30 mu 

diameter tubules in the crystalloid structure, the remaining vesicles 

become expanded. This process presumably could be reversible, so that 

the crystalloid might "unravel" to disperse the membranes into a 

vesicular reticulum such as is found in the light cell. Many examples 

of strands of loosened membranes are seen (Figs. 9, 13), usually at 

the edges of the crystalloid, but whether the alteration in progress 

is one of formation or dispersion is impossible to tell from the 

static picture. 

Concerning the physiological variability of the cell as a whole, 

the picture is somewhat more clear. One possible interpretation of 

the conversion of cell types is the interconvertibility of light cell 

and dark cell. The sequence may be light cell to intermediate cell to 

dark cell; under the proper, but unknown, stimulus, the dark cell may 

ti 
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reconvert into the light cell with the disappearance of the crystalloid 

and dispersal of the vesicular elements of the agranular reticulum in 

the cytoplasmic matrix, concomitant with the reappearance of many 

cristae in the mitochondria. This interpretation is predicated on the 

assumption that the light cell is in a stage of active synthesis and 

the dark cell a storage phase, perhaps in the crystalloid. Morphologi- 

cally, there is some evidence to support this assumption. There is, 

for example, the vesicular nucleus of light cell, which is regarded 

as being active in nucleic acid synthesis (17, p. 29 -51), as opposed 

to the dense nucleus with clumped chromatin of the dark cell. The 

large number of mitochondria, especially those with villiform cristae, 

which are found in cells known to be secretory (3, 4, 8, 10, 16, 22, 

30, 45), bespeaks activity in the light cell; the mitochondria of the 

dark cell, on the other hand, have few cristae and so are less active. 

In the light cell, the vast array of vesicles and tubules of agranular 

reticulum, found in metabolically active cells (7.-9, 12, 15, 19 -23, 33, 

34, 36, 37, 45, 57, 59, 60), contrast with the larger, empty vesicles 

of the dark cell, the majority of the reticulum presumably being bound 

up in the crystalloid; if activity of the reticulum is based on avail- 

able surface area, the dark cell is relatively inert. 

Even if this interpretation of the conversion is correct, the 

physiological stimulus which triggers the change is unknown. Although 

the turnover might be a constant one, this seems unlikely, as inter- 

mediate types are relatively infrequent, and one cell type usually 

predominates in a particular gland (Fig. 3). One may look, then, to 
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the physiological constitution of the animal as a whole for a clue to 

the stimulus. It is tempting to speculate that variability of the 

antebrachial organ interstitial tissue is related to seasonal repro- 

ductive activity, since, as Montagna has stated (27, p. 206), the 

cells "have a curious similarity to the interstitial cells of the 

testis" and possibly comprise an unknown endocrine organ. The most 

obvious similarity is the abundance of agranular reticulum, which has 

been found in Leydig cells of the testis of man (14, 57), mouse (6), 

opossum (7), rabbit (8), and the fish Lebistes (15). It has been 

found also in other steroid hormone producing cells, such as adrenal 

cortex (21, 23, 43, 45, 60), corpus luteum (12, 23, 59), ovarian 

interstitial cells (9, 16, 30) and theca interna cells (3), and in 

such lipid -metabolizing cells as meibomian gland (33) and adipose 

cells (31, 32, 54). The tightly compacted arrangement of tubules of 

agranular reticulum seen occasionally in antebrachial organ inter- 

stitial cells (Fig. 6) is a characteristic feature of opossum testis 

(7, p. 653 -670). Human testicular interstitial cells contain a cry- 

stalloid of fine tubular structure very much like that described here. 

This crystalloid displays in cross section a regular hexagonal pattern 

a 

"like a knitwork" (57, p. LL -1) with a tubular diameter of about 250 A, 

as does the crystalloid of the dark cells (Fig. 13). In addition to 

agranular reticulum, all of the steroid -secreting cells named above 

contain mitochondria with tubular cristae (4, p. 369 -372), which are 

found in moderate numbers in antebrachial organ interstitial cells 

(Figs. 5, 8). In marked contrast to their semblance to steroid- 
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producing cells, the interstitial cells have little in common with 

such endocrine tissues as anterior pituitary (42, 49) islets of 

Langerhans (55), thyroid (56), and parathyroid (29), of which tissue 

none contains agranular reticulum or mitochondria with villiform 

cristae, nor produces steroid hormones. 

However, despite the enticing likeness to steroid -secreting 

cells, it would be a mistake to conclude hastily that these cells are 

indeed such on the basis of these similarities; the endocrine nature 

originally postulated for this cell is still unproved. Agranular 

reticulum, for one thing, is not limited to steroid -producing cells. 

It is found also in chloride ion secreting cells of gastric mucosa 

(19, 20, 47) and in fish gill chloride cells (34), in crayfish oocytes 

(2), and in several cell types in association with glycogen metabolism: 

liver (36), sarcoplasmic reticulum of muscle (37), paraboloid of turtle 

retina (58), and pigmented epithelium of frog retina (38). In all 

these cells, the function of the reticulum is thought to be that of 

sequestering and transporting the cell product (2, p. 634 -636; 36, 

p. 142). In steroid secreting cells, the reticulum has been implicated 

directly in the synthetic process (7, p. 660 -669; 43, p. 659 -662). 

Fawcett (13, p. 80A) recently questioned the advisability of regarding 

"all the membrane- bounded canalicular elements of the cell as part of 

a single organelle" and has called for a more rigorous definition of 

the reticulum in light of the wide diversity of dimension, stability, 

and biochemical function which has been found. Therefore, no conclu- 

sive statement about the function of the agranular reticulum can be 
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made. Another factor in the controversy under discussion is the fact 

that mitochondria with tubular cristae are not limited to steroid - 

secreting cells. Configurations of the mitochondrial cristae des- 

cribed as "angular," "zigzag," or "honeycomb," as well as tubular, 

have been found in several other cell types, including cardiac myo- 

fibers (48), a Protozoan (11), chloride cell of fish gill (34), 

crayfish oocytes (2), and cells of the central nervous system (39). 

All of these are metabolically active cells, and several authors (2, 

4, 10, 39) regard the pleomorphism of mitochondrial cristae as a 

structural adaptation related to high energy requirements or corre- 

lated with specialized enzymatic activity. Thus, while mitochondrial 

specialization is not unique to steroid- producing cells, it certainly 

indicates that the cell is active metabolically. A third possible 

objection to postulated secretory activity in the interstitial cell 

is the presence of a basement Lamina and collagen fibrils completely 

surrounding each cell, since endocrine tissue has classically been 

regarded as being in intimate contact with adjacent blood vessels. 

That this is not always the case is amply demonstrated by rabbit testi- 

cular Leydig cells, in which capillaries are described as being sur- 

rounded by a multilayered basement membrane and by several layers of 

connective tissue (8, p. 587 -604). A subendothelial space, usually 

with some collagen fibers in it, has been seen separating secretory 

cells from capillaries in other endocrine tissues (24, p. 293 -296). 

In adipose tissue (31, 54), each cell is surrounded by a basement 

lamina and by several layers of connective tissue, but lipid transport 
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is effected. In the corpus cardiacum of insects, which is regarded 

as having endocrine functions (46, p. 761 -796), a basement lamina 

approximately 2 » wide is found, and yet secretory products are able 

to traverse the distance to the surrounding hemocoele. For all the 

objections to postulated endocrine activity in antebrachial organ 

interstitial cells, exceptions and explanations can be found. So 

little is known of the physiology of the Ring -tailed Lemur, however, 

that no final conclusions can be made on the basis of this study. 

Additional work is indicated in order to elucidate further the 

role of the interstitial cells of the antebrachial organ in the lemur's 

physiology. A first project could be the histochemical analysis of 

cholesterol and steroid -related substances in the antebrachial organ. 

This might implicate one or more cell organelles in the secretory 

process. Another related project indicating the role of this tissue 

would be the microchemical analysis of the products of the gland. 

Furthermore, a is needed on normal reproductive cyclicity in 

male and female lemurs, correlated with concomitant changes, if any, 

in the composition of the interstitial tissue of the antebrachial 

organ. Monthly biopsies, if feasible, would be very helpful in 

demonstrating the changes taking place over a year's time. Tissue 

from immature lemurs, when such material becomes available, would be 

useful in studying the developmental aspects of the gland. In order 

to demonstrate the effects of the sex hormones on the interstitial 

tissue, if there is such an effect, one might alter the hormonal 

balance of the lemur by suitable hormone injections and study the 
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resultant change in the interstitial tissue. Another approach to this 

problem would be to biopsy the antebrachial organ, then castrate the 

lemur, and observe the effect on the interstitial tissue; hormonal 

replacement therapy might also be tried. A second advantage of this 

method would be the opportunity to compare testicular interstitial 

tissue to antebrachial organ interstitial tissue in the same animal. 

These are not all the possible studies that might be undertaken, but 

they are ones which might be completed within the limits of the number 

of animals available. 
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Summary. 

A study of the fine structure of the interstitial cells of the 

antebrachial organ of Lemur catta has been presented. This tissue is 

seen to be composed of light cells, dark cells, and cells intermediate 

between these two types. 

The light cell contains a large, vesicular nucleus, a homo- 

geneous cytoplasmic matrix in which are dispersed small tubular and 

vesicular elements of an agranular reticulum, numerous mitochondria 

with lamelliform or villiform cristae, microfilaments, and large 

aggregates of membrane- bounded particles. 

The dark cell contains a dense, irregular mucleus, a dense cyto- 

plasmic matrix seen as strands between expanded vesicles of agranular 

reticulum, mitochondria with few cristae, numerous microfilaments, 

and a large, hexagonal crystalloid of tubular structure. 

Intermediate cells vary widely in appearance, usually containing 

mitochondria with both types of cristae, expanded vesicles of agranular 

reticulum of varying diameter, often very dense aggregates of membrane - 

bounded particles, and occasionally a more or less developed 

crystalloid. 

The interstitial tissue has many characteristics in common with 

steroid hormone secreting cells, and a secretory function has been 

postulated for this tissue. 

i 

:. 

. 

' 

, 

. 



18 

Bibliography. 

1. Affolter, M. Les organes cutanés brachiaux d'Hapalemur griseus. 
Bulletin d'Academie Malgache Tananarive 20:77 -100. 1933. 

2. Beams, H. W. and R. G. Kessel. Electron microscope studies on 
developing crayfish oocytes with special reference to the 
origin of yolk. Journal of Cell Biology 18(3):621 -649. 1963. 

3. Belt, W. D. Fine structure of the ovarian follicle. (Abstract) 
Anatomical Record 142(2):214. 1962. 

4. Belt, W. D. and D. C. Pease. Mitochondrial structure in sites 
of steroid secretion. Journal of Biophysical and 
Biochemical Cytology 2(4, suppl.):369 -372. 1956. 

5. Bennett, H. S. and J. H. Luft. S- collidine as a basis for 
buffering fixatives. Journal of Biophysical and Biochemical 
Cytology 6(1):113 -114. 1959. 

6. Carr, I. and J. Carr. Membranous whorls in the testicular 
interstitial cell. Anatomical Record 144(2):143 -143. 1962. 

7. Christensen, A. K. and D. W. Fawcett. The normal fine structure 
of opossum testicular interstitial cells. Journal of 
Biophysical and Biochemical Cytology 9(3):653 -670. 1961. 

8. Crabo, B. Fine structure of the interstitial cells of the rabbit 
testes. Zeitschrift für Zellforschung und mikroskopische 
Anatomie 61:587 -604. 1963. 

9. Davies, J. and E. W. Dempsey. Electron microscopy of the 

ovarian interstitial cells of the rabbit under normal and 
experimental conditions. (Abstract) Anatomical Record 
142(2) :225. 1962. 

10. Dempsey, E. W. Variations in the structure of mitochondria. 
Journal of Biophysical and Biochemical Cytology 2(4, suppl.): 
305 -312. 1956. 

11. Elliott, A. M. and I. J. Bak. The fate of mitochondria during 
aging in Tetrahymena pyriformis. Journal of Cell Biology 
20(1):113 -129. 1964. 

12. Enders, Allen C. Observations on the fine structure of lutein 
cells. Journal of Cell Biology 12(1) :101 -113. 1962. 

. 

r 



19 

13. Fawcett, D. W. Morphological and functional variations in the 

endoplasmic reticulum. (Abstract) Journal of Cell Biology 
19(2):80A. 1963. 

14. Fawcett, D. W. and M. H. Burgos. Studies on the fine structure 
of the mammalian testis. II. The human interstitial 
tissue. American Journal of Anatomy 107:245 -269. 1960. 

15. Follenius, E. and A. Porte. Cytologie fine des cellules 
interstitielles du testicule du poisson Lebistes 
reticulatus R. Experientia 16(5):190 -191. 1960. 

16. Green, J. A. Some effects of gonadotrophin on the fine structure 
of mouse ovarian interstitial cells. (Abstract) 
Anatomical Record 142(2):236. 1962. 

17. Hay, E. D. and J. P. Revel. The fine structure of the DNP 
component of the nucleus. An electron microscopic study 
utilizing autoradiography to localize DNA synthesis. 
Journal of Cell Biology 16(1):29 -51. 1963. 

18. Hill, W. C. 0. Primates. Comparative anatomy and taxonomy. 
I. Strepsirhini. Edinburgh, University Press, 1953. 

798 p. 

19. Ito, S. and R. J. Winchester. The fine structure of the gastric 
mucosa in the bat. Journal of Cell Biology 16(3) :541 -577. 
1963. 

20. Lawn, A. M. Observations on the fine structure of the gastric 
parietal cell of the rat. Journal of Biophysical and 
Biochemical Cytology 7:161 -166. 1960. 

21. Lever, J. D. Electron microscopic observations on the adrenal 
cortex. American Journal of Anatomy 97 :409 -430. 1955. 

22. . Physiologically induced changes in adreno- 
cortical mitochondria. Journal of Biophysical and Bio- 
chemical Cytology 2(4, suppl.) :313 -318. 1956. 

23. . Remarks on the electron microscopy of the rat 

luteum and comparison with earlier observations on the 
adrenal cortex. Anatomical Record 124:111 -125. 1956. 

24. . The subendothelial space in certain endocrine 
tissues. Journal of Biophysical and Biochemical Cytology 
2(4, suppl.):293 -296. 1956. 

. 

. 

Í 

' 

. 

.' 

' 



20 

25. Linnaeus, C. Systema naturae per regna tria naturae, secundum 
classes, ordines, genera, species, cum characteribus, 
differentiis, synonymis, locis. 10th ed. vol. 1. Holmiae, 
Laurentii Salvi, 1758. 824 p. 

26. Luft, John H. Improvements in epoxy resin embedding methods. 
Journal of Biophysical and Biochemical Cytology 9(2): 
409 -414. 1961. 

27. Montagna, W. The skin of lemurs. Annals of the New York 
Academy of Sciences 102(2):190 -209. 1962. 

28. Montagna, W. and J. S. Yun. The skin of primates. X. The 
skin of the ring -tailed lemur (Lemur catta). American 
Journal of Physical Anthropology 20(2):95 -118. 1962. 

29. Munger, B. L. and S. I. Roth. The cytology of the normal para- 
thyroid glands of man and Virginia deer: A light and 
electron microscopic study with morphologic evidence 
of secretory activity. Journal of Cell Biology 16(2): 
379 -400. 1963. 

30. Muta, T. The fine structure of the interstitial cells in the 

mouse ovary studied with the electron microscope. Kurume 
Medical Journal 5(3):167 -185. 1958. 

31. Napolitano, L. The differentiation of white adipose cells. An 
electron microscope study. Journal of Cell Biology 
18(3) :663 -679. 1963. 

32. Palade, G. E. Studies on the endoplasmic reticulum. II. Simple 
dispositions in cells in situ. Journal of Biophysical and 
Biochemical Cytology 1(6) :567 -583. 1955. 

33. Palay, S. L. The morphology of secretion. In: Frontiers in 
cytology, ed. by S. L. Palay. New Haven, Yale University 
Press, 1958. p. 305 -342. 

34. Philpott, C. W. and D. E. Copeland. Fine structure of chloride 
cells from three species of Fundulus. Journal of Cell 
Biology 19(2) :389 -404. 1963. 

35. Pocock, R. I. On the external characters of the lemurs and of 
Tarsius. Proceedings of the Zoological Society of London, 
1918, p. 19 -53. 

- .--- ---1 - 

- 



21 

36. Porter, K. R. The endoplasmic reticulum: Some current inter- 
pretations of its forms and functions. In: Biological 
structure and function, ed. by T. W. Goodwin and O. 
Lindberg. vol. 1. New York, Academic Press, 1961. 
p. 127 -155. 

37. Porter, K. R. and G. E. Palade. Studies on the endoplasmic 
reticulum. III. Its form and distribution in striated 
muscle cells. Journal of Biophysical and Biochemical 
Cytology 3 :269 -300. 1957. 

38. Porter, K. R. and E. Yamada. Studies on the endoplasmic 
reticulum. V. Its form and differentiation in pigment 
epithelial cells of the frog retina. Journal of Biophysical 
and Biochemical Cytology 8(1):181 -205. 1960. 

39. Revel, J. P., D. W. Fawcett and C. W. Philpott. Observations 
on mitochondrial structure. Angular configurations of the 
cristae. Journal of Cell Biology 16(1) :187 -195. 1963. 

40. Reynolds, E. S. The use of lead citrate at high pH as an 
electron- opaque stain in electron microscopy. Journal of 
Cell Biology 17(1):208 -212. 1963. 

41. Richardson, K. C., L. Jarett and E. N. Finke. Embedding in 
epoxy resins for ultrathin sectioning in electron microscopy. 
Stain Technology 35 :313 -323. 1960. 

42. Rinehart, J. F. and M. G. Farquhar. Electron microscope studies 
of the anterior pituitary gland. Journal of Histochemistry 
and Cytochemistry 1(2) :93 -113. 1953. 

43. Ross, M. H. et al. Electron microscope observations on the 
endoplasmic reticulum in the human fetal adrenal. Journal 
of Biophysical and Biochemical Cytology 4(5) :659 -662. 
1958. 

44. Sabatini, D. D., K. G. Bensch and R. J. Barrnett. Cytochemistry 
and electron microscopy: The preservation of cellular 
ultrastructure and enzymatic activity by aldehyde fixation. 
Journal of Cell Biology 17(1):19 -58. 1963. 

45. Sabatini, D. D. and E. D. P. de Robertis. Ultrastructural 
zonation of adrenocortex in the rat. Journal of Biophysical 
and Biochemical Cytology 9 :105 -119. 1961. 

46. Scharrer, B. Neurosecretion. XIII. The ultrastructure of the 
corpus cardiacum of the insect Leucophaea maderae. 
Zeitschrift far Zellforschung und mikroskopische Anatomie 
60:761 -796. 1963. 

- -,r -r 

' 

' 

, 

. 

' 

. 



22 

47. Sedar, A. W. Electron microscopy of the oxyntic cell in the 
gastric glands of the bullfrog, Rana catesbiana. II. The 
acid -secreting gastric mucosa. Journal of Biophysical 
and Biochemical Cytology 10(1) :47 -57. 1961. 

48. Slautterback, D. B. Mitochondrial cristae of unusual form in 
canary cardiac myofibers. (Abstract) Journal of Cell 
Biology 19(2):82A. 1963. 

49. Smith, R. E. Acid phosphatase activity of rat adenohypophysis 
during secretion. (Abstract) Journal of Cell Biology 19 
(2) :66A. 1963. 

50. Sutton, J. B. On the arm -glands of the lemurs. Proceedings of 
Scientific Meetings of the Zoological Society, 1887, 
p. 369 -372. 

51. Trump, B. F., E. A. Smuckler and E. P. Benditt. A method of 
staining epoxy sections for light microscopy. Journal of 
Ultrastructure Research 5:343 -348. 1961. 

52. Ward, R. T. The origin of protein and fatty yolk in Rana pipiens. 
II. Electron microscopical and cytochemical observations 
of young and mature oocytes. Journal of Cell Biology 14: 

309 -341. 1962. 

53. Watson, M. L. Staining of tissue sections for electron 
microscopy with heavy metals. Journal of Biophysical and 
Biochemical Cytology 4:475 -478. 1958. 

54. Williamson, J. R. Adipose tissue. Morphological changes associ- 
ated with lipid mobilization. Journal of Cell Biology 20 
(1) :57 -74. 1964. 

55. Winborn, W. B. Light and electron microscopy of the islets of 
Langerhans of the Saimiri monkey pancreas. Anatomical 
Record 147:65 -72. 1963. 

56. Wissig, S. L. The anatomy of secretion in the follicular cells 
of the thyroid gland. II. The effect of acute thyrotophic 
hormone stimulation on the secretory apparatus. Journal 
of Cell Biology 16(1):93 -117. 1963. 

57. Yamada, E. Some observations on the fine structure of the 
interstitial cell in the human testis. In: Fifth Inter- 
national Congress for Electron Microscopy, Philadelphia, 
1962. vol. 2. New York, Academic Press, 1962. p. LL -1. 

- 

' 

r 

' - 

. 

. 



23 

58. Yamada, E. The fine structure of the paraboloid in the turtle 
retina as revealed by electron microscopy. (Abstract) 
Anatomical Record 136 :352. 1960. 

59. Yamada, E. and T. M. Ishikawa. The fine structure of the corpus 
luteum in the mouse ovary as revealed by electron microscopy. 
Kyushu Journal of Medical Science 11:235 -259. 1960. 

60. Zelander, T. Ultrastructure of mouse adrenal cortex, an 
electron microscopical study in intact and hydrocortisone - 
treated male adults. Journal of Ultrastructure Research 
Suppl. 2. 1959. 111 p. 

t` e t 
A 

Y ` 
A 

fa i 



APPENDIX ri1W lA 

r 

* 



25 

Figure Abbreviations. 

AR - Agranular reticulum 

BV - Blood vessel 

C - Crystalloid 

CL - Cytolysome 

DB - Dense body 

DC - Dark cell 

LC - Light cell 

Mf - Microfilament 

M1 - Mitochondrion with lamelliform cristae 

M2 - Mitochondrion with villiform cristae 

MN - Myelinated nerve 

N - Nucleus 

P - Membrane -bounded particles 

SG - Sweat gland 
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Fig. 1. Adult male lemur used in this study. Position of antebrachial
organ is indicated by arrow.
(Portrait courtesy of Miss Lois L. Wright of the Oregon
Regional Primate Research Center.)



Fig. 2. Light micrograph of antebrachial organ, shoving arrangement
of sweat glands (SG), interstitial cells, mostly light cells
(LC), blood vessels (BV), and myelinated nerve fibers (MN).
Male; OsO^; methylene blue-azure A. SOOx.



Fig. 3. Nest of Interstitial cells containing many crystalloids.
Dark cells (DC), light cells (LC)f and a light cell with a
crystalloid (C) are apparent. Two sweat glands (SG) have
been cut obliquely. Female; glutaraldehyde; methylene
blue-azure A. 2000x.



Fig. 4. Low power electron micrograph of an apocrine sweat gland (SG) 

and nest of light interstitial cells (LC). Masses of membrane - 

bounded particles (P) are seen in several of the cells. Note 

that each interstitial cell is surrounded by connective tissue 

(arrows). The space between the sweat gland and the nest of 

cells is an artifact. Male; glutaraldehyde. 3000x. 
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Fig. 5. Light cell, showing nucleus (N), two types of mitochondria
(Mi, M2), tubules and vesicles of the extensive agranular
reticulum (AR), and a mass of membrane-bounded particles (P).
Male; O8O4. 32,000x.



Fig. 6. Portion of a light cell with a meshwork of tubules and
vesicles of the compacted agranular reticulum (AR). Numerous
mitochondria with parallel cristae (M^) are associated with
the reticulum. Male; OSO4. 22,000x.

Fig. 7. Cytoplasm of light cell containing several cytolysome-like
bodies (CL), two dense bodies (DB), abundant vesicles of the
agranular reticulum (AR), and numerous mitochondria (M).
Male; 0s04. 22,000x.



Fig. 8. Light cell cytoplasm, showing microfilaments (arrow). Mito
chondria of both types may be seen. Male; OsO^. 21,000x.
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Fig. 9. Intermediate cell with partly formed crystalloid, enclosing
a membrane-bounded particle (arrow). Dense, irregular body
in crystalloid is an artifact. Male; OsO^. 20,000x.
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Fig. 10. Comparison of light cell with vesicular nucleus and "foamy"
appearing dark cell with lobed nucleus and we11-developed
crystalloid. Note basement lamina around each cell and
collagen fibrils between. Part of a fibroblast extends
between cells (arrow). Female; glutaraldehyde. ll,000x.



Mf:

N

4*.

Fig. 11.

m

'• V

Typical dark cell with lobed nucleus and well-developed
crystalloid. Note association of membranes of agranular
reticulum with crystalloid (arrow). Microfilaments (Mf)
may be seen in cross section. Dense body (DB), dilated
vesicles (V), and mitochondria (M) are shown. Female;
glutaraldehyde. 14,000x.
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Fig. 12. Section of crystalloid showing longitudinal aspect of
tubules. Note intimate association of microfilaments (Mf)
with the periphery of the crystalloid. Female; glutaralde*
hyde. 45,000x.



Fig. 13. Fart of crystalloid, showing continuity of agranular
reticulum with tubules of crystalloid (arrows). Crystalloid
may be in process of formation. Diameter of tubules is
about 200-250 A. Female; glutaraldehyde. 52,000x.


