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IN iEcEr YEARS, the Mongolian gerbil has become a useful
experimental animal.'A This desert rat is a unique animal since, unlike
other rodents and man, its main adrenal steroid is 19-hydroxy-l1-
deoXycortisoL3 Because of this speces difference, and as an outgrowth
of previous studies on the guinea pig,45 we initiated an investigation
on the ultrastructure of the interstitial cells of Leydig and alterations
produced following administration of human chorionic gonadotropin
(HCG) . This communication describes the morphology of the immature
gerbil Leydig cell and also compares its ultrastructure to that of the
immature guinea pig in both stimulated and unstimulated animals.

Materials and Methods
Testicular tissue was obtained 16 5-week-old Mongolian gerbils (Merimae

umgiculatus) sacrificed by decapitation. One haf of the animals were injected
intraperitoneally with 100 IU of HCG daily for 15 days. Control animals were
inoculated with normal saline. Tir average weight was 20 g at the beginnig of
the ement (3 weeks old) and 35 g at the end. One-mm cubes of testis were
sectioned and immediately fixed in 1% phosphate buffered osmium tetide at pH
7.4. The cubes of tissue were kept in fixative and refiigerated for 1-2 hr. Rapid
dehydration through a series of cold ethanols was foLowed by treatment with
propylene oxide. The tissue was then embedded in Epon Resin 812. One-IA thick
sections were prepared and staned with methylne blue. Clusters of Leydig cells
were identified between seminiferous tubules in these sections with the light micro-
scope. Ultrthin sections displaying silver or gold interference colors were obtained
with a Porter-Bhim MT-1 ulamicrotome a lass knife. These ultrathin
sections were stained with a 5% solution of uranyl acetate fiollowed by lead citrate.
All ultrathin sections were then examined with a Philips lOOB or EM300 elctron
microscope.
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582 MERKOW ET AL

Results

Ught Miroscopy

In all control (unstimulated) animals small clusters of Leydig cells
within a relatively large interstitial space were associated with capil-
laries as seen in paraffin-embedded sections (Fig 1). Seminiferous
tubules either lacked or displayed a small lumen and did not contain
spermatozoa in control animals (Fig 1). Within animals stimulated with
HCG, large clusters of Leydig cells filled and obliterated the potential
interstitial spaces (Fig 2). Both hyperplasia and hypertrophy of inter-
stitial cells of Leydig were evident in all stimulated animals (Fig 2).
Seminiferous tubules were larger than in control animals and contained
spermatozoa (Fig 2).

In unstimulated animals, l-,u sections of Epon-embedded testis
showed that Leydig cells were mainly of a 'light" cell type, and infre-
quently displayed many vacuoles (Fig 3). Following stimulation, both
"light" and "dark" Leydig cells were evident, the latter predominating
(Fig 4). In addition, most of these dark Leydig cells displayed small,
dark-staining cytoplasmic bodies (Fig 4).

Electron Microscopy

The most strildng feature of unstimulated Leydig cells within the
gerbil was the presence of numerous lightly osmiophilic staining scal-
loped or irregularly shaped lipid vacuoles occupying a considerable
area of the cytoplasm (Fig 5). Usually, a well developed perinuclear
Golgi complex was in close proximity to the multitude of lipid vacuoles
(Fig 5). Vesicular or tubular smooth endoplasmic reticulum (Fig 5)
and rare cisternae of nondilated rough endoplasmic reticulum were
noted. Small mitochondria with lamelliform cristae were evident at
the periphery of a cluster of lipid vacuoles and between vesicles of
smooth endoplasmic reticulum (Fig 5). Annulate lamellae were very
rarely observed within the cytoplasm of unstimulated Leydig cells.
Most unstimulated Leydig cells showed infrequent small or medium-

sized pigment bodies consisting of a homogeneously dense matrix
surrounded by a double limiting membrane and often associated with
a small lipid vacuole (Fig 6). Interdigitations of the plasmalemma were
observed occasionally between adjacent Leydig cells (Fig 6). Rarely,
a vacuole containing solid rod-shaped structures in a transverse plane
of section was noted, usually in proximity to a lipid vacuole (Fig 7).
The most outstanding cytostructural alteration within stimulated

Leydig cells was the prominence of lipid bodies (Fig 8-10). These
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membrane-bound organelles assumed different types of surface contour
although, for the most part, they displayed an irregular or scalloped
border (Fig 9 and 10). Where smooth endoplasmic reticulum circum-
scrbed lipid bodies, a more ircular, though still slightly irregular con-
figuration, was noted (Fig 8). These lipid bodies were quite homo-
geneous in density and displayed a slightly lighter central region (Fig
8 and 9).

Individual Leydig cells displayed an increase in smooth endoplasmic
reticulum (Fig 8), clusters of parallel-arrayed rough endoplasnic re-
ticulum (Fig 9), and more numerous Golgi complexes (Fig 12). Dense
lipid bodies were associated with the increased parallel-arrayed rough
endoplasmic reticulum (Fig 9).

Increased numbers of annulate lamellae were evident within the
cytoplasm of stimulated Leydig cells (Fig 10 and 11). These annulate
lamellae were larger and individual lamella displayed dilated lateral
margns (Fig 10 and 11). Direct continuity between this organelle and
both rough and smooth endoplasmic reticulum was evident (Fig 10).
Occasionally, the more distal connection with endoplasmic reticulum
circumscribed mitochondria (Fig 10).

Centrioles and increased numbers of enlarged pigment bodies were
observed within HCGstimulated Leydig cells (Fig 12). These en-
larged pigment bodies displayed a granular matrix associated with focal
and motted dense areas (Fig 12). This organelle assumed an irregular
configuration depending upon the plane of section and frequently dis-
played well-formed myelin figure material replacing most of the matrix
in a fingerprint-lke pattern (Fig 13). Small vacuoles were evident in
some pigment bodies adjacent to myelin figure material (Fig 14). In an
occai stimulated Leydig cell, large foci of nonrosette polysomes of
glycogen were observed (Fig 15). lTe plasmalenma was more fre-
quently noted to interdigtate or form complex folds between adjacent
Leydig cells (Fig 16). Large cytoplasmic myelin figures surrounding
lipid vacuoles were present within endothelial cells of capillaries ad-
jacent to Leydig cells (Fig 17).

Although the guinea pig and gerbil are both rodents and their
Leydig cell ultrastructure in the unstimulated animals appears similar,
there are pr nt differences between these two species following
stimulation by HCG.

It is evident that exogenous administration of HCG produces marked
ultrastructure alterations within the Leydig cell in both species. These
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alterations can be ascribed to a primary effect of HCG or a secondary
effect due to biochemical changes within the Leydig cell resulting from
exogenous stimulation.4 In contrast to 'the guinea pig, HCG causes
maturation of the germ cells in the immature gerbil.

Morphologically, by light as well as electron microscopy, the
alterations produced by HCG on such organelles as the lipid vacuoles
were strikingly different from that of the immature guinea pig.4 The
dark appearance of cells observed by light microscopy in the immature
,gerbil was probably due to increased numbers of osmiophilic lipid
bodies and increased endoplasmic reticulum. Lipid vacuoles in the
gerbil became more prominent and dense rather than less osmiophilic
as in the guinea pig.4 In addition, the plasmalemma was found to as-
sume a more complex arrangement between adjacent Leydig cells than
in nonstimulated animals. This morphologic arrangement may be of
physiologic importance since it could facilitate and/or enhance ex-
change or transport of intercellular materials.
HCG stimulation increased the number of annulate lamellae. This

organelle of an obscure nature and function has been found in normal
and abnormal cells of several endocrine glands.A12 It has been reported
to be more often attached or adjacent to the nuclear envelope in the
primordial human follicle when estrogen production was dominant in
the normal menstrual cycle.8 Annulate lamellae have been encountered
under certain specific conditions-such as during the period of rapid
cell division7 (proliferative phase) or during the secretory period if
there is hyperestrogenism 6 in glandular cells of the endometrium. This
suggests that their appearance may be a secondary effect mediated
through hormones elicited by gonadotropins. Clusters of glycogen
particles also were observed in the stimulated gerbil, but not in the
guinea pig. These alterations produced by exogeneous HCG, as well
as the production of myelin figures in the capillary endothelial cells
adjacent to stimulated Leydig cells, suggest that biochemical as well
as morphologic differences within testicular tissue exist between the
gerbil and guinea pig.
The nonspecific response of increased smooth endoplasmic reticulum

is a prominent alteration noted in HCG-stimulated gerbil Leydig cells.
This increase in smooth endoplasmic reticulum, however, is probably
not relative since it does not represent a degranulation of rough endo-
plasmic reticulum. Moreover, we also observed a concomitant increase
in the rough endoplasmic reticulum in HCG-stimulated Leydig cells.
The increased quantity of smooth endoplasmic reticulum in Leydig
cells has also been reported to be most striking following gonadotropin
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stimulation in man 18 and in rat.' The notable propinquity of endo-
plasmic reticulum to osmiophilic lipid bodies in the stimulated animal
may represent an increased biochemical relationship and function
between these organelles.

Recently, Pedersen and Larsen 15 have demonstrated ultrastructural
nges in the human luteal cells during the first trimester of preg-

nancy, a period in which the ovary is under strong stimulation by HCG
produced by the trophoblast. Such changes characterized by hyper-
trophy of luteal cells, proliferation of the smooth endoplasmic reticulum
'and Golgi, and the formation of myelin figures are similar to our observa-
tions in HCG stimulated Leydig cells.

Since the main adrenal steroid produced in the gerbil is 19-hydroxy-
l1-deoxycorisoL it is possible that the androgenic biosynthetic path-
ways at the testicular level could also be different in this animal leading
to the production of steroids other than testosterone and 4-Andro-
stenedione. Such a difference could account for the morphologic altera-
tions observed in the gerbil but not in the guinea pig.

Summary
Tissue was obtained from the testes of 16 5-week-old Mongolian

gerbils. Eight animals were administered 100 IU of HCG daily for 15
days. The other 8 control animals were injected with normal saline.

Both light and electron microscope studies revealed alterations in
stimulated animals when compared to controls. A light type of Leydig
cell predominated in control animals, whereas a light or dark Leydig
cell was manifest in stimulated testis as observed in Epon-embedded
sections, with the dark type predominating.

Several striling ultrastructural differences were observed in HCG-
stimulated gerbil Leydig cells when compared to corresponding guinea
pigs. The most outstanding feature was the presence of densely osmio-
philic lipid vacuoles in sufficient quantity to produce a dark type Leydig
cell as observed by light microscopy. Annulate lamellae were noted
with considerably increased frequency in stimulated gerbils. Differing
morphologic alterations in stimulated gerbils when compared to the
guinea pig may be accounted for by the possible presence of a different
testicular biosynthetic pathway for androgen production.
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Legends for Figures
Fig 1. Testicular tissue from 5-week-old unstimulated control Mongolian gerbil.
Seminiferous tubules are small, usually lack lumen, and do not contain spermatozoa.
Small groups of Leydig cells and associated capillary (arrows) are in intertubular
regions. Leydig cells are usually in close proximity to basement membrane of tubules.
H & E. X 168.
Fig 2. Testicular tissue from 5-week-old gerbil stimulated with HCG. Enlarged and
Increased numbers of Interstitial cells of Leydig nearly fill intertubular regions. These
uniform cells have eosinophilic granular cytoplasm. Seminiferous tubules are larger
and contain spermatozoa (arrow). H & E. X 168.

Fig 3. Immature unstimulated gerbil. Cluster of light staining Leydig cells appears
relatively uniform. Vacuoles (arrows) are evident in some cells. 1-. thick Epon-
embedded section stained with methylene blue. X 800.
Fig 4. Immature gerbil stimulated with HCG. Light and dark staining Leydig cells are
present. Some light cells display cytoplasmic vacuoles (arrow). Many of the pre-
dominating dark Leydig cells manifest small cytoplasmic dense bodies (arrows). 1-.
thick Epon-embedded section stained with methylene blue. X 600.
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590 MERKOW ET AL

Fig 5. Survey of two Leydig cells from immature unstimulated gerbil. Numerous
slightly osmiophilic scalloped or irregularly shaped lipid vacuoles (Lv) occupy most
of the cytoplasm. Perinuclear Golgi complex (Go), vesicular smooth endoplasmic
reticulum (Ser), and small mitochondria (M) are noted. Two nuclei (N) show periph-
eral condensation of chromatin. This and all subsequent figures represent osmium-
fixed Epon-embedded material stained with uranyl acetate and lead citrate. X 9000.

Fig 6. Immature unstimulated gerbil. Interdigitations of the plasmalemma (PI) were
observed infrequently between adjacent Leydig cells. Membrane bound pigment body
(Pb) is evident. x 55,000.

Fig 7. Immature unstimulated gerbil. Vacuole contains many dense rod-shaped struc-
tures in transverse plane of section (arrow). These structures were rarely observed.
Adjacent mitochondria (M) and lipid vacuole (Lv) are evident. x 32,500.
Fig 8. Immature HCG stimulated gerbil. Densely osmiophilic lipid bodies (Lb) assume
differing surface contours depending upon amount of circumscribing smooth endo-
plasmic reticulum (Ser). x 21,000.

Fig 9. Immature HCG stimulated gerbil. Abundant parallel arrayed rough endoplasmic
reticulum (Rer) is associated with several densely osmiophilic lipid bodies (Lb) and
mitochondria (M). X 16,000.
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592 MERKOW ET AL

Fig 10. Immature HCG stimulated gerbil. Three Leydig cells display various
amounts of smooth endoplasmic reticulum (Ser), mitochondria (M), and interdigita-
tions of the plasmalemma (PI). The center Leydig cell shows numerous densely
osmiophilic lipid bodies (Lb) and annulate lamellae (Al). Latter organelle is contiguous
with both smooth endoplasmic reticulum and rough endoplasmic reticulum (arrows).
x 16,000.
Fig 11. Immature HCG stimulated gerbil. Enlarged and more frequently observed
annulate lamellae (Al) display periodic constrictions, interlamellar granular material,
and dilatation of lateral margins into vesicle. x 37,000.

Fig 12. Immature HCG stimulated Leydig cell. Pigment bodies (Pb) displaying granu-
lar matrix and focal dense regions are at different stages of development. Centriole
(Cn), Golgi complex (Go), several osmiophilic dense bodies (arrows), and numerous
mitochondria (M) are evident. X 10,500.
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594 MERKOWETAL

Fig 13. Immature HCG stimulated gerbil. Pigment body (Pb) displays well formed
myelin figure material in fingerprint-like pattern. Double limiting membrane (arrow)
and light staining matrix (Mx) remain evident. x 80,000.

Fig 14. Pigment body (Pb) consists of small vacuole (V), granular matrix (Mx), and
myelin figure material (Mf). X 54,000.

Fig 15. Immature HCG stimulated gerbil. Clusters of nonrosette darkly staining
polysomes of glycogen (Gly) are adjacent to cluster of smooth endoplasmic reticulum
(Ser) in one of two Leydig cells. x 15,500.

Fig 16. Immature HCG stimulated gerbil. Plasmalemma (PI) displays complex inter-
digitations and folds between two adjacent Leydig cells. This was more frequently
observed and to an even greater degree in stimulated than nonstimulated Leydig
cells of gerbil. x 13,250.

Fig 17. Immature HCG stimulated gerbil. Capillary adjacent to several Leydig cells.
One of three cytoplasmic myelin figures (Mf) displays central vacuole (V) containing
lipid. Red blood cell (Rbc) within lumen appears adjacent to endothelial cell nuclei
(N). x 4300.
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