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Testicular tissue from 7 juvenile and 6 adult patients
with adreno-leukodystrophy (ALD) or its adrenomyelo-
neuropathic (AMN) variant was examined by light and
electron microscopy. The seminiferous tubules of the
men exhibited hypocellularity, maturation arrest, or
Sertoli cells and spermatogonia only. Ultrastructural
examination ofthese specimens revealed vacuolation of
Sertoli cell endoplasmic reticulum. Germ cells also de-
monstrated vacuolation and necrosis, accompanied by
slight tubular atrophy and thickening of the tunica pro-
pria. Fibrosis or proteinaceous fluid was observed in the

ADRENO-LEUKODYSTROPHY (ALD) is a fatal,
sex-linked disease that primarily affects the central
nervous system (CNS) and adrenal cortex of boys
(5-15 years of age).' Cerebral white matter contains
inflammatory, demyelinative, and axonolytic lesions,
while the adrenal cortex displays primary cytotoxic
atrophy without inflammation.2 ALD is generally
held to be a hereditary metabolic disorder, and ab-
normal cholesterol esters containing very long chain
saturated fatty acids have been identified in the brain
and adrenal gland.34 The peripheral nervous system
(PNS) also may be involved pathologically and clin-
ically.5-7

Incidental, yet pathognomonic, lesions of testicu-
lar interstitial cells were observed in prepubescent
boys and consisted of the same intracytoplasmic la-
mellas as those in adrenocortical cells, Schwann cells,
and PNS or CNS macrophages in ALD.8'9 Moreover,
an adult-onset form of ALD or an adrenomyeloneu-
ropathic variant has been described in which testicu-
lar signs or symptoms are conspicuous. Diminished
libido, impotence, and infertility have been noted in
5 of 6 men with ALD in the presence of normal sec-
ondary sex characteristics. I0 All the men have died of
their CNS disease. This report describes the morpho-
logic characteristics and pathogenesis of testicular le-
sions in ALD.

From the Department of Pathology (Neuropathology), Medical University
of South Carolina, Charleston, South Carolina, and the Departments of
Neurology and Pathology (Neuropathology), Albert Einstein College of
Medicine, Bronx, New York

interstitium. The tissue of 5 men and 2 boys contained
Leydig cells with cytoplasmic striations, which were
detectable with the light microscope. A decrease in the
number of Leydig cells was noted in some men. All
specimens displayed pathognomonic lamellas and la-
mellar-lipid profiles in mature, immature, or precursor
Leydig cells at the ultrastructural level. The Leydig cell
demonstrated the primary morphologic defect in the
ALD testis; damage to Sertoli cells appeared to be the
initial lesion of seminiferous tubules. (Am J Pathol
1981, 102:90-98)

Materials and Methods

Testicular and adrenal samples were obtained from
the following individuals with ALD: 4 juvenile pa-
tients (9-12 years) at autopsy, 3 juvenile patients
(12-17 years) at biopsy, 5 adult patients, (32-46
years) at autopsy and 1 adult patient (42 years) at bi-
opsy. Their clinical histories have been reported pre-
viously.6" 0 The testicular changes of Cases 5 and 6
have been described earlier in part.7 Clinical data on
the 6 adult patients found in Table 1 are listed in the
same numerical sequence in a separate communica-
tion.'0 Normal control testes were obtained at au-
topsy from 4 previously healthy young men (24-35
years) and 1 child (12 years) who died sudden, vio-
lent, or unexpected deaths. Neurologic control testes
were obtained at autopsy from 1 child (12 years) with
subacute sclerosing panencephalitis and 4 men (30-54
years) with acute paraplegia (48 days), chronic para-
plegia (4 years), amyotrophic lateral sclerosis, or Du-
chenne's muscular dystrophy. Endocrinologic con-
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Table 1-Adult ALD Testicular Lesions

Leydig cells

Stria-
Seminiferous Clusters/ tions Lamellas

Case Diagnosis tubules (ST) Interstitium ST (LM) (EM) Adrenal cortex

1 (B) Adult ALD Hypocellularity. Focal fibrosis near 0.52* + Few Marked atrophy with
Mild vacuolation. hyalinized tubules. Normalt few striated cells.

Proteinaceous fluid.

2 (A) Adult ALD Hypocellularity. Focal fibrosis near ND - ND Marked atrophy with
hyalinized tubules. Normal few striated cells.

3 (A) Adult ALD Sertoli cells and WNL 0.72 + ND Many striated cells
spermatogonia Normal without atrophy.
(SG). Moderate
vacuolation.

4 (A) Adult ALD Maturation arrest WNL 0.50 + Moderate Moderate number of
at 1°. Sertoli cells Focal striated cells with
and SG. Mild decrease mild atrophy.
vacuolation.

5 (A) AMN Maturation arrest Proteinaceous fluid. 0.30 + Many Marked atrophy with
at 1 °. Mild Focal few striated cells.
vacuolation. decrease

6 (A) AMN Sertoli cells and Diffuse fibrosis. 0.28 + Many Marked atrophy with
SG. Marked Diffuse few striated cells.
vacuolation. decrease

A = routine autopsy; A = perfusion fixation within 30 minutes after death; B = biopsy; LM = light microscopy; EM = electron microscopy;
WNL = within normal limits; ND = not determined.

* Semiquantitative estimation. Controls varied from 0.90 to 1.3.
t Visual assessment only.

trol testes were obtained from patients with prior
mumps orchitis (53 years) and estrogen treatment for
prostatic carcinoma (54 years).

All testes were fixed in neutral buffered formalin,
embedded in Paraplast, and stained with hematoxy-
lin and eosin (H & E), Masson's trichrome, Ver-
hoeff-van Gieson, and periodic acid-Schiff with and
without diastase. Tissues for ultrastructural examina-
tion (all juvenile and adult Cases 1, 4, 5, and 6) were
fixed primarily in 4% buffered glutaraldehyde, post-
fixed in Dalton's osmium or 2% unbuffered osmium
tetroxide, and embedded in Epon 812. Thick sections
were stained with 1 % toluidine blue; thin sections
mounted on copper grids were stained with uranyl
acetate-lead citrate. We obtained seminiferous tu-
bule diameters by measuring cross-sections of three
tubules with an optical micrometer and calculating
their average. The number of Leydig cell clusters per
seminiferous tubule was determined with a standard
Zeiss calibrated grid and the 25 x objective lens."

Results
Juvenile ALD

The seminiferous tubules (ST) were immature or
early pubescent, and the interstitium was unremark-

able in six. The ST of 1 child (12 years) contained
only Sertoli cells with abundant glycogen and a few
spermatogonia; the interstitial tissue was diffusely fi-
brotic, and a few Leydig cells displayed cytoplasmic
striations. Leydig cells of 5 juvenile cases were not
striated and exhibited variable degrees of maturity.
The remaining case (17 years) exhibited many striated
Leydig cells without any other abnormality. All ju-
venile cases displayed, at the electron-microscopic
level, Leydig cells (mature, immature, or precursor)
with lamellas, lamellar-lipid profiles, or crystalloid
clefts. The ease with which cytoplasmic lamellas
could be identified varied considerably. Three cases
contained many cells with cytoplasmic inclusions, al-
though striations could be perceived with the light
microscope in only 2. Striated adrenocortical cells
were observed consistently but did not correlate with
the number of abnormal Leydig cells. Older children
tended to have more lamellas, while the younger
tended to have more crystalloid clefts in Leydig cells.
Clefts were occasionally detected within canaliculi of
rough endoplasmic reticulum. Inflammatory cells
were not seen.

Adult ALD and AMN Variant

The seminiferous tubules were abnormal in every
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Figure 1-Case 1. Seminiferous tubules (ST) are hypocellular with arrested maturation. The interstitium contains a foamy, proteinaceous (Pr)fluid and Leydig cell clusters (Ley). (Verhoeff-van Gieson, x 200) Figure 2-Case 6. Seminiferous tubules (ST), containing Sertoli cells anda few spermatogonia, are separated by collagenized (Co) interstitial tissue with few Leydig cells (Ley). (Masson trichrome, x 300) Figure3-Case 6. Sertoli (Ser) and Leydig (Ley) cells have large amounts of lipofuscin (arrowheads). (Toluidine blue, Epon, x 400) Figure 4-Case5. Striations (arrowheads) are discernible in this cluster of Leydig cells. (Verhoeff-van Gieson, x 600)
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Figure 5-Case 1. Leydig cells display few lamellas and lamellar-lipid profiles (arrowheads). Inset-The various forms of lamellas (L) areappreciated at higher magnification. (UA-Pb Cit, x 10,500; x 105,000) Figure 6-Case 6. Normal Leydig cells (Ley) with abundant smoothendoplasmic reticulum (SER) and paracrystalline arrays (pc) are admixed with Leydig cells whose cytoplasm is filled with lamellas andlamellar-lipid profiles (arrowheads). (UA-Pb Cit, x6200) Figure 7-Case 5. Almost all Leydig cells in this cluster contain cytoplasmiclamellas (arrowheads). (UA-Pb Cit, x 3850) Figure 8-Juvenile case. Leydig cell shows bizarre conformations of lipofuscin (Lf). Thebracketed areas are magnified in the insets. Upper inset-A canalicular distribution is suggested. Bottom inset-Lipid (Li) appears tohave precipitated within endoplasmic reticulum lined with ribosomes (r). (UA-Pb Cit, x 7125; x 19,950; x 28,500)
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case (Table 1). The pathologic lesions, however, var-
ied from hypospermatogenesis or hypocellularity
(Figure 1) to almost Sertoli cell only (Figure 2). Vacu-
olation was noted in 5 cases, tubular atrophy (less
than 20% loss) in 4, and mild thickening of the tunica
propria due to increased collagen and elastin in 3.
Abundant lipofuscin in Sertoli cells was present in
the toluidine-blue-stained thick sections of Cases 3
and 6 (Figure 3). Cases 1 and 6 contained abundant
glycogen. Spermatids were noted only in Cases 1 and
5. Epithelial sloughing was observed, but this change
could not be evaluated because of variability in speci-
men handling, postmortem interval, and fixation. In
contrast to the juvenile cases, striated Leydig cells
usually could be appreciated with the light micro-
scope (Figure 4). It should be emphasized, however,
that their identification was much more difficult than
in the adrenal cortex. One reason for this was their
haphazard distribution: they were usually in small
clusters. Another reason for the difficulty in visualiz-
ing striations was that the Leydig cells generally had
less background cytoplasmic staining and were more

vacuolated (probably due to lipofuscin) than adreno-
cortical cells. The trichrome or VVG stain, in concert
with through-focusing, aided in the visualization of
striations. Reinke crystalloids were observed in all
cases but were numerous only in Case 1. Leydig cell
clusters were obviously decreased in number in Cases
5 and 6 and probably in Case 4. Inflammatory cells
were not identified in any ALD testis. Hypertrophy,
or ballooning, of Leydig cells was observed sporad-
ically in ALD and control testes. Leydig cell loss
seemed to correlate best with duration of disease (ie,
the more chronic nature of the AMN variant). Testic-
ular lesions of adult ALD patients did not depend
upon the extent of adrenal involvement. Seminifer-
ous tubular abnormalities did not correlate well with
the number of Leydig cell clusters but did seem to
parallel the frequency of Leydig cells with lamellas.
Similar defects in seminiferous tubules, tunica pro-

pria, and interstitial connective tissue were observed
in some neurologic or endocrinologic controls, but a

diminution of Leydig cell clusters was noted only in
the patient with amyotrophic lateral sclerosis. No
control subjects demonstrated striated Leydig cells.

Ultrastructural examination was performed in
Cases 1, 4, 5, and 6. Fixation was poor in Case 4,
adequate in Case 5, and excellent in Cases 1 and 6.
Case I had mild abnormalities and was ambulatory
at the time of biopsy. Ultrastructural examination of
the testes of Cases 4 and 5 confirmed the light-micro-
scopic findings and demonstrated lipofuscin and
phagocytosed spermatids within Sertoli cells. The in-
terstitial cells of Leydig contained pathognomonic la-

mellas, being scarce in Case 1 (Figure 5) and abun-
dant in Cases 5 and 6. These abnormal cells were ad-
mixed with normal Leydig cells (Figure 6) or found in
small clusters (Figure 7). Testicular lamellas were the
same dimensions as those in the adrenal, consisting
of two parallel electron-dense lines (lamellas) about
2.5 nm thick and an intralamellar clear space that
varied from 1.0 to 3.0 nm. Leydig cells also demon-
strated variable numbers of Reinke crystalloids,
paracrystalline arrays, smooth endoplasmic reticu-
lum, lipid droplets, mitrochondria, and lipofuscin.
The latter often contained lamellas, crystalloids, or
bizarre conformations (Figure 8). Fragments of cell
cytoplasm, predominantly lipofuscin, were occasion-
ally observed lying free in the interstitium. The semi-
niferous tubules of Case 1 were often ultrastructur-
ally unremarkable except for some abnormal sperma-
tids, usually within Sertoli cell cytoplasm. The ear-
liest abnormality of the seminiferous tubule that
could be detected was vacuolation of Sertoli cells
(Figure 9) due to irregular and variable-sized dilata-
tions of endoplasmic reticulum. Sertoli cell cyto-
plasm, containing many particles of beta glycogen,
often extended into widened intercellular spaces in
the form of blebs (Figure 10). In many areas Sertoli-
Sertoli junctions were morphologically intact. Irregu-
larly dilated endoplasmic reticulum was also ob-
served in spermatogonia (dark and light A, and B)
and spermatocytes (Figure 11). Cells in the adluminal
compartment, presumably of the germ line, occa-
sionally were necrotic (Figure 12). Some of the vacu-
oles noted with the light microscope were due to large
spaces containing debris between Sertoli cells (Figure
13), perhaps the residua of necrotic germ cells. All of
these lesions could be found in various combinations
in different seminiferous tubules. The most consis-
tent lesion of the seminiferous tubule was the
presence of vacuolated Sertoli cells. Other less fre-
quent findings were annulate lamellas in Sertoli cells,
increased collagen in lamina propria, and reduplica-
tion of basal lamina (Figure 14). Seminiferous tu-
bules which consisted of Sertoli cells and some sper-
matogonia revealed abundant lipofuscin (which con-
tributed to the vacuolated appearance), basal cyto-
filaments, and complex infoldings of Sertoli cells
(Figure 15).

Discussion

It has been established over the past 10 years that
ALD is a uniformly fatal disease of males, predomi-
nantly of children (5-15 years). In these patients con-
comitant, but apparently independent, destruction of
the central nervous system (CNS) and adrenal cortex
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Figure 9-Case 1. Sertoli cells (Ser) exhibit abnormal vacuolation of endoplasmic reticulum (V). The other organelles appear unremarkable.(UA-Pb Cit, x 6300) Figure 10-Case 1. Widened intercellular spaces between Sertoli cells occasionally contain cytoplasmic blebs rich inglycogen (Gly). (UA-Pb Cit, x 16,250) Figure 11-Case 1. Vacuolation of endoplasmic reticulum (v) is observed less frequently in (A) sper-matogonia (Sg) and (B) primary spermatocytes (Sc). A Sertoli cell (Set) in A contains annulate lamellas (AL). (UA-Pb Cit, x 5880 and x 3780)
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Figure 12-Case 1. Dying cells (arrowheads), presumably of the germ line, are present in the adluminal compartment. (UA-Pb Cit,
x 5375) Figure 13-Case 1. Inter-Sertoli vacuoles contain cellular debris (Deb), probably the residua of necrotic cells. The characteristic
junctional specializations of Sertoli cells (arrowheads) are still present. (UA-Pb Cit, x 7875) Figure 14-Case 6. Sertoli cells (Ser) with abun-
dant lipofuscin (Lf) are separated from the myoid cells (M) of the lamina propria by excessive collagen (Co). (UA-Pb cit, x4050) Figure
15-Case 6. Sertoli cells (Ser) demonstrate increased lipofuscin (Lf), cytofilaments (Fit), and plasmalemmal infoldings (arrowhead). (UA-Pb Cit,
x 5250)
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develops.' The available evidence implicates a sex-
linked mode of transmission for this genetic defect.
Although a specific enzymatic deficiency has not
been identified, abnormal cholesterol esters with very
long chain saturated fatty acids have been found in
the brain and adrenals of patients with ALD.3'4 Con-
natal'2 and adult6 presentations also occur. Occa-
sionally adults display peripheral nerve and spinal
cord lesions, in addition to those of brain and
adrenal, and have been designated as the adrenomy-
eloneuropathic variant (AMN).7 Testicular signs or
lesions have been identified in 2 male adults with
AMN and in 5 with adult-onset ALD. IO Thus the tes-
tis appears to be another target organ in ALD, when
the CNS disease develops in adults.

Lamellas and lamellar-lipid profiles identified in
Leydig cell cytoplasm are identical to those previ-
ously described in adrenocortical, Schwann, endo-
neurial and microglial cells.8 9 Their demonstration
in any of these cells is pathognomonic of ALD, with
very rare exceptions.'3 The Leydig cell manifests the
initial morphologic defect of the testis in ALD, and it
is the only cell that is universally affected - even in
immature testes of juvenile ALD patients.8 The path-
ogenesis of the Leydig cell abnormality is unknown
but is probably similar to that proposed for the adre-
nocortical cell, where the accumulated very long
chain saturated fatty acids eventually destroy their
host cells.'3 Pituitary function has generally been
normal, '0 and Leydig cell lamellas have not been seen
in hypogonadotropic hypogonadism. '4Serum testos-
terone has occasionally been low. One individual has
demonstrated a blunted response to human chorionic
gonadotropin (HCG) stimulation, indicating a pri-
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mary defect in Leydig cell reserve.7 It appears that
each target organ: brain, peripheral nerve, adrenal
cortex, and testis, may undergo a primary loss of
function that is independent of the involvement of
any other target organ.
The abnormalities observed in seminiferous tu-

bules (ST) in ALD are nonspecific, especially those
observed at autopsy. Loss of germ cells, vacuolated
Sertoli cells with excessive glycogen, lipofuscin, and
cytofilaments, complex interdigitations of plasma-
lemmae, and thickening of lamina propria have been
seen in a variety of testicular disorders.'5-'9 The in-
terpretation of these findings in ALD patients is com-
plicated by the fact that most had been bedridden for
months to years by their CNS disease. Simple immo-
bilization is capable of causing all of these lesions.20
Case 1, however, was still ambulatory with minimal
CNS disease at the time of his biopsy. This patient
also demonstrated a reduction in spermatogenesis
and vacuolation of Sertoli cells. The latter appears to
represent the initial ST lesion in ALD. Vacuolation
of Sertoli (and germ) cells has been reported in other
conditions: eg, germinal aplasia, ' 7 essential fatty acid
deficiency,2' epinephrine stimulation,22 and estro-
gen'9 or prostaglandin23 treatment. The reason for
cytoplasmic vacuolation in ALD is unknown. The in-
tegrity of Sertoli cells and their junctional specializa-
tions for the maintenance of adluminal germ cells
and spermatogenesis has been frequently empha-
sized.24 Testosterone, derived from Leydig cells, also
has been shown to be necessary for spermatogenesis;
this effect is thought to be partially mediated through
Sertoli cells.25

Vacuolated Sertoli cells might be incapable of ful-

0
Atrqimy and Los

3.

I ItmtssI ia1rdsTutatos*
Seteste Fatt Adds

le-comog Mtt

3 Ssid Cob _
Spsei Factors

i_
nr dL

~~~~~SeridCd V.colation L ou @1Gan C i.k
Switi Culds with

-W..lo -It

Figure 16-Proposed pathogenesis of testicular lesions in ALD. The original morphologic lesion is the accumulation of lamellas in interstitial

cells. The Sertoli cell appears to be the first cell in seminiferous tubules to exhibit vacuolar degeneration. Luteinizing hormone (LH) is con-

sidered to have a permissive action in the accumulation of lamellas.
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filling their normal role of sustaining maturation of
spermatocytes and spermatids, resulting in abnormal
spermatids and death of differentiating germ cells.
This mechanism has been invoked to explain abnor-
mal spermatogenesis in essential fatty acid deficien-
cy.2' Widened inter-Sertoli cell spaces might indicate
such a loss of function leading to a failure of the nor-
mal barrier between basal and adluminal compart-
ments. This could expose developing germ cells of the
adluminal compartment to toxic factors found in
blood or interstitial tissue. Direct damage to sperma-
togonia in the basal compartment also would ad-
versely affect developing germ cells. The hypothesis
that damage to Sertoli cells, and consequently sper-
matogenesis, is secondary to Leydig cell failure due
to accumulation of saturated fatty acids seems to be a
reasonable hypothesis for the testicular lesions seen
in ALD (Figure 16).
The infertility of some ALD adults is secondary to

hypospermatogenesis. Diminished libido and impo-
tency are more difficult to explain and may be due to
CNS lesions,26 Leydig cell failure with a deficiency of
testosterone, or a combination of these. Regardless
of the precise clinicopathologic correlation and
pathogenesis of testicular lesions in ALD, it should
be appreciated that ALD represents a rare, and uni-
versally fatal, cause of sexual inadequacy in men.

References

1. Schaumburg HH, Powers JM, Raine CS, Suzuki K,
Richardson EP: Adrenoleukodystrophy: A clinical and
pathological study of 17 cases. Arch Neurol 1975,
33:577-591

2. Powers JM, Schaumburg HH: The adrenal cortex in
adreno-leukodystrophy. Arch Pathol 1973, 96:305-310

3. Igarashi M, Schaumburg HH, Powers J, Kishimoto Y,
Kolodny E, Suzuki K: Fatty acid abnormality in adre-
noleukodystrophy. J Neurochem 1976, 26:851-860

4. Menkes JH, Corbo LM: Adrenoleukodystrophy-Ac-
cumulation of cholesterol esters with very long chain
fatty acids. Neurology 1977, 27:928-932

5. Powers JM, Schaumburg HH: Adreno-leukodystro-
phy: Similar ultrastructural changes in adrenal cortical
and Schwann cells. Arch Neurol 1974, 30:406-408

6. Griffin JW, Goren E, Schaumburg H, Engle WK, Lo-
riaux L: Adrenomyeloneuropathy: A probable variant
of adrenoleukodystrophy: I Clinical and endrocrino-
logic aspects. Neurology 1977, 27:1107-1113

7. Schaumburg HH, Powers JM, Raine CS, Spencer PS,
Griffin JW, Prineas JW, Boehme DM: Adrenomyelo-
neuropathy: A probable variant of adrenoleukodys-
trophy. II. General pathologic, neuropathologic, and
biochemical aspects. Neurology 1977, 27:1114-1119

8. Powers JM, Schaumburg HH: Adreno-leukodystrophy
(Sex-linked Schilder's disease): A pathogenetic hypoth-
esis based on ultrastructural lesions in adrenal cortex,
peripheral nerve and testis. Am J. Pathol 1974,
76:481-500

9. Schaumburg HH, Powers JM, Suzuki K, Raine CS:
Adrenoleukodystrophy (sex-linked Schilder disease):
Ultrastructural demonstration of specific cytoplasmic
inclusions in the central nervous system. Arch Neurol
1974. 31:210-213

10. Powers JM, Schaumburg HH: A fatal cause of sexual
inadequacy in the male: Adreno-leukodystrophy. J
Urol 1980, 124:583-585

11. Weiss DB, Rodrigues-Rigau L, Smith KD, Grotjan
EH, Steinberger E: Leydig cell density and function
and their relation to gonadotropins in infertile oligo-
spermic men with varicocele. Israel J Med Sci 1979,
15:556-563

12. Ulrich J, Herschkowitz N, Heitz P, Sigrist T, Baer-
locker P: Adrenoleukodystrophy. Preliminary report
of a connatal case. Light- and electron-microscopical,
immunohistochemical and biochemical findings. Acta
Neuropathol 1978, 43:77-83

13. Powers JM, Schaumburg HH, Johnson AB, Raine CS:
A correlative study of the adrenal cortex in adreno-leu-
kodystrophy: Evidence for a fatal intoxication with
very long chain saturated fatty acids. Enzyme histo-
chemistry, fine structure, tissue culture, proposed mo-
lecular model and cellular pathogenesis. Invest Cell
Pathol (In press)

14. De Kretser DM, Kerr JB, Paulsen CA: The peritubular
tissue in the normal and pathological human testis. An
ultrastructural study. Biol Reprod 1975, 12:317-324

15. Arzac JP: Glycogen in human testicular biopsy ma-
terial. J Clin Endocrinol 1950, 10:1465-1470

16. Bors E, Engle ET, Rosenquist RC, Holliger VH; Fertil-
ity in paraplegic males. A preliminary report of endo-
crine studies. J Clin Endocrinol 1950, 10:381-398

17. Chemes HE, Dym M, Fawcett DW, Javadpour N,
Sherins RJ: Pathophysiological observations of Sertoli
cells in patients with germinal aplasia or severe germ
cell depletion. Ultrastructural findings and hormone
levels. Biol Reprod 1977, 17:108-123

18. Biava CG, Smuckler EA, Whorton D: The testicular
morphology of individuals exposed to dibromochloro-
propane. Exp Mol Pathol 1978, 29:448-458

19. Lu CC, Steinberger A: Effects of estrogen on human
seminiferous tubules: Light and electron microscopic
analysis. Am J Anat 1978, 153:1-14

20. Gondos B, Zemjanis R, Cockett ATK: Ultrastructural
alterations in the seminiferous epithelium of immobi-
lized monkeys. Am J Pathol 1970, 61:497-518

21. Hildebrandt-Stark HE, Fawcett DW: Effects of defi-
ciency of essential fatty acids and treatment with pros-
taglandin E2 on the ultrastructure of the rat testis. Biol
Reprod 1978, 19:736-746

22. Gravis CJ, Chen I-Li, Yates RD: Ultrastructure and cy-
tochemistry of epinephrine-induced testicular degener-
ation, Male Reproductive System. Edited by RD Yates,
M Gordon. New York, Masson Publishing USA, 1977,
pp 35-55

23. Tso EC-F, Lacy D: An ultrastructural study of the tes-
tis and epididymis of the rat after treatment with pros-
taglandins E2 and F2,,(PGE2 and PGF2,,). J Anat 1979,
128:107-119

24. Fawcett DW: Interactions between Sortoli cells and
germ cells, Male Fertility and Sterility. Edited by RE
Mancini, L Martini. New York, Academic Press, 1974,
pp. 13-36

25. Steinberger E: The etiology and pathophysiology of
testicular dysfunction in man. Fertil Steril 1978,
29:481-491

26. Hierons R, Saunders M: Impotence in patients with
temporal-lobe lesions. Lancet 1966, 2:761-763

Acknowledgments

The authors wish to express their appreciation to Ms.
Carol Moskos and Mr. James Nicholson for photographic
assistance. We are indebted to Dr. M. Alvira for the tissue
of Case 4.


