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Histopathologic examination of the testis is the most
sensitive means to detect effects on spermatogenesis;
however, the complexity of testicular histology,
interrelatedness of cell types within the testis, and long
duration of spermatogenesis can make assessment of a
testicular toxicant challenging. A thorough understanding of
the histology and morphologic manifestations of response to
injury is critical to successfully identify a testicular effect and
to begin to understand the underlying mechanism of action.
The basic patterns of response to xenobiotic-induced injury
to the testis and epididymis are detailed and discussed.

Introduction

Histopathology is generally recognized as the most reliable
and sensitive means of detecting effects on spermatogenesis.1,2 A
toxicologic pathologist generally recognizes histopathologic
changes in a tissue or cell type that has been affected by adminis-
tration of a compound. The morphologic changes observed can
frequently provide insight into the mechanism of action of the
compound on the tissue impacted. In the case of male reproduc-
tive toxicologic histopathology, the complexity of the histology,
interrelatedness of cell types within the testis, and long duration
of spermatogenesis can make assessment of a testicular toxicant
challenging. A thorough understanding of the histology and mor-
phologic manifestations of response to injury is critical to success-
fully identify a testicular effect and to begin to understand the
underlying mechanism of action. The basic patterns of response
to xenobiotic-induced injury to the testis and epididymis are
detailed and discussed.

Manifestations of toxicity on germ cells

Germ cell injury as a primary morphologic event is a common
manifestation following administration of cytotoxic compounds.

Spermatogonia, as the mitotic component of spermatogenesis
and the main germ cell type not protected by the blood-testis bar-
rier (BTB), are the most vulnerable to toxic effects.3 An impor-
tant point is that the stem cell spermatogonia divide infrequently
and are less sensitive to cytotoxicity compared to spermatogonia
that have entered the proliferative and developmental pool; thus,
effects of toxic compounds on the testis may be reversible follow-
ing cessation of compound exposure through seminiferous epi-
thelial reconstitution from surviving stem cell spermatogonia.
However, there is variability across different classes of toxic com-
pounds, stem cell proliferation is slow, and in humans it may
take months to years for sperm production to recover.4

Apoptotic spermatogonia appear as cells having hyalinized,
hypereosinophilic, condensed cytoplasm and indistinct nuclei,
occasionally surrounded by a clear space as the cells shrink (also
see Murphy and Richburg, this issue). Morphologic changes due
to effects of toxins on spermatogonia are not distinguishable
from the spontaneous physiologic attrition of germ cells5,6 result-
ing from inherent apoptotic machinery that expedites removal of
defective cells and prevents germ cell populations exceeding feasi-
ble Sertoli cell support; however, physiologic apoptosis of germ
cells tends to be limited in number and stage-specific (e.g. sper-
matogonia of stage XII in rat). In the absence of confirmatory
evidence of the apoptotic process (e.g., TUNEL staining for
DNA fragmentation or immunohistochemistry for apoptotic
effector proteins) pathologists often conservatively refer to the
morphologic change as ‘degeneration’. Since by nature the apo-
ptotic process is rapid and inconspicuous, apoptotic spermatogo-
nia may appear in small numbers, but compounded loss of
spermatogonia can lead to elimination of the basal-most layer of
the seminiferous epithelium, which is often first detected as loss
of preleptotene spermatocytes in stage VII tubular profiles
(Figs. 1 and 2).

With prolonged toxic compound exposure (i.e. for rat, multi-
ples of the 2-week duration of the spermatogenic epithelial cycle)
successive populations of post-spermatogonial developing germ
cells (and the corresponding layers of seminiferous epithelium)
are eliminated through the process termed ‘maturation depletion’
(Figs. 3 and 4). Chemotherapeutic agents, compounds altering
the balance of endogenous apoptotic and anti-apoptotic proteins
(e.g. p53, Fas, and Bcl systems),7-9 and compounds interfering
with growth factors supporting spermatogonia (e.g., stem cell
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factor or its receptor c-kit)10 can all cause spermatogonial death
and loss across multiple species.11–13(also see Murphy and Rich-
burg, this issue)

Toxic agents may impact germ cells other than spermatogo-
nia, but in most cases must circumvent the protection of the
BTB in order to do so, as early spermatocytes are moved inside
the BTB. Sequential examination of rat testes following

administration of doxorubicin demonstrates degenerate/apopto-
tic meiotic spermatocytes as early as 6 hours and before the
detection of apoptotic spermatogonia.12 Degeneration of sper-
matocytes during meiotic division leads to a stage specific lesion
(Figs. 5 and 6) with subsequent depletion. Ethylene glycolmono
methyl ether (EGME) is another agent known to induce degener-
ation of mature spermatocytes at the time of meiotic division.14

Figure 2. Stage V tubules from a control dog (A and C) and a dog given an antimitotic agent for 2 weeks (B and D). Preleptotene spermatocytes are pres-
ent adjacent to the basement membrane (arrows) in the control dog and are absent following mitotic inhibition.

Figure 1. Stage VII tubules from a control rat (A) and a rat given an antimitotic agent for 2 weeks (B). Preleptotene spermatocytes are present adjacent to
the basement membrane (arrows) in the control rat and are absent following mitotic inhibition.
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Whereas spermatogonial degeneration is almost certainly a pri-
mary germ cell effect, the requisite penetration of the BTB sug-
gests an additional, possibly primary effect on Sertoli cells (the
primary component of the BTB) when spermatocytes are
affected. Sertoli cells (SC), however, are themselves strikingly
resistant to death by apoptosis or necrosis, typically being the
only cell type remaining in end-stage seminiferous tubules. Nota-
ble SC toxicants, including 2,5 hexanedione and mono-(2-ethyl-
hexyl) phthalate (MEHP), also cause germ cell apoptosis,
occurring by means of up-regulation of the Fas ligand by the Ser-
toli cell stimulating the Fas receptor on spermatocytes.15

Prolonged exposures to compounds toxic to spermatocytes can
cause maturation depletion (Fig. 7) resulting in loss of succes-
sively more mature germ cell layers (round and elongating sper-
matids), similar to the situation with spermatogonial toxicants.

Another classic example of germ cell degeneration/apoptosis is
the morphologic consequence of testosterone deprivation in the
rat testis. Degeneration of stage VII/VIII pachytene spermato-
cytes and round spermatids, in addition to spermatid retention
are early indicators of intratesticular testosterone depletion
(Fig. 8)(also see Weinbauer, this issue). This hormonal effect
involves the SC, as it is generally accepted that androgen recep-
tors are not expressed in germ cells, but have their highest expres-
sion in Sertoli cells of stage VII/VIII,16,17 near the time of release
of mature spermatids into the tubular lumen (spermiation).

Figure 4. Testes from a dog given a spermatogonial toxicant for 13 weeks at low (A) and high (B) magnification. Tubules depleted of all germ cells due to
progressive maturation depletion following loss of spermatogonia and prepachytene spermatocytes.

Figure 3. Stage VII tubule from a rat demonstrating maturation deple-
tion. Administration for 4 weeks of a compound causing spermatogonial
loss has resulted in depletion of spermatocytes, preleptotene spermato-
cytes, and spermatogonia.

Figure 5. Stage XIV tubule from a rat. Numerous spermatocytes under-
going meiotic division in this stage have hypereosinophilic cytoplasm
indicating degeneration. The underlying spermatocytes and overlying
elongating spermatids are normal.
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Figure 6. Stage XII-I tubules
from cynomolgus monkeys
given vehicle (A), low dose
(B), mid dose (C), and high dose
(D) of a compound causing
degeneration of spermatocytes
during meiotic division.

Figure 7. Pattern of cell deple-
tion with daily dosing of a sper-
matocyte toxicant in the rat.
(A) Stage I tubule with degener-
ation of pachytene spermato-
cytes (arrows) following a single
dose. (B) Stage I tubule with
depletion of pachytene sperma-
tocytes following one week of
dosing. (C) Stage VIII tubule
with depletion of pachytene
spermatocytes and round sper-
matids following 2 weeks of
dosing. (D) After 4 weeks of dos-
ing only prepachytene sperma-
tocytes remain.
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Decreased androgen levels can interfere with this process, result-
ing in spermatid retention (also see O’Donnell, this issue).
Androgen receptors are also present on Leydig cells and peritubu-
lar myoid cells, which may contribute to the morphologic effects
of testosterone depletion.

Sertoli cell injury
Injury to SCs is typically manifested by loss of function18-20

rather than death and loss of SCs themselves. The many roles
that SCs play in spermatogenesis are reflected in the variety of
morphologic manifestations associated with SC toxicity. As
already noted, impaired SC function often manifests as germ cell
degeneration and loss.

Sertoli cells are instrumental in the dramatic morphologic
changes associated with maturation of elongating spermatids
(spermiogenesis) and their ultimate release (spermiation) into the
tubular lumen by the end of Stage VII/VIII (rat)(see O’Donnell,
this issue). Membrane modifications on the SC (ectoplasmic spe-
cialization) and spermatid (tubulobulbar complex) provide an
extensive surface area for cross-communication. Degeneration of
elongating spermatids (variably presenting as nuclear condensa-
tion, irregularity, or fragmentation or cytoplasmic vacuolation)
may reflect SC toxicity or direct germ cell injury following pene-
tration of the compound through the BTB (Figs. 9 and 10).21

Delayed acrosomal maturation observed with administration of
the Sertoli cell toxicant carbendazim resembles loss of synchrony
within cell associations.22

Spermiation requires step 19 spermatids to be located at the
lumen with the removal of superfluous cytoplasmic remnants in

Figure 8. Stage VII tubule from a rat given exogenous testosterone. The
increased negative feedback has led to decreased gonadotrophins and
caused Leydig cell atrophy and decreased intratesticular androgen levels
resulting in pachytene spermatocyte degeneration.

Figure 9. Degeneration of elongated spermatids in the rat. (A) Stage VII tubule with enlarged elongated spermatids. (B) Stage V tubule with irregular,
hypereosinophilic elongated spermatids indicating degeneration.

Figure 10. Degeneration of elongated spermatids in the dog.
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the form of residual bodies with subsequent resorption of residual
bodies by Sertoli cells beginning in stage VIII. Failure of step 19
spermatids to be located and properly oriented at the lumen
(Fig. 11) and abnormally large or malformed residual bodies,
possibly with delayed resorption, are occasionally observed as evi-
dence of diminished SC function (Fig. 12) (also see O’Donnell,
this issue). The large residual bodies normally present in mice
should not be confused with abnormal residual bodies.

Impaired Sertoli cell function is often
demonstrated in rats by the retention of
mature step 19 spermatids. Retained sper-
matids may be found at the seminiferous
tubular lumen edge beyond stage VIII
(Fig. 13A) and/or resorbed into basilar Ser-
toli cell cytoplasm (Fig 13B) (abnormal at
any stage).

Sertoli cell cytoplasmic vacuolation (usu-
ally due to dilated endoplasmic reticulum),
consisting of variably sized, discrete,
clear, round structures predominantly
located toward the basement membrane
(Figs. 14–16), as seen following administra-
tion of 2,5 hexanedione (2,5 HD) or phthal-
ate esters to rats, is an early change of Sertoli
cells exposed to certain toxicants (see John-
son, this issue). In contrast, vacuolation of
the seminiferous epithelium (Fig. 16) con-
sisting of larger, non-membrane-bound
spaces at various depths within the tubule
results from germ cell loss, due to primary
germ cell or SC effects. It is important to

distinguish these 2 types of vacuolation from the occasionally
observed vacuolation in control rats, which is often nonspecific.

Exfoliation of germ cells is another indication of SC dysfunc-
tion. The SC toxicant carbendazim, a microtubule disruptor,
causes loss of germ cell attachment to SC processes, with slough-
ing of germ cells (round spermatids, spermatocytes) into the
tubular lumen and eventually into the excurrent ducts. Typically,
the exfoliated cells lack morphologic changes of degeneration/
apoptosis (Fig. 17). Some microtubule disruptors result in
sloughing of SC processes along with germ cells into the lumen
(see Johnson, this issue).

With longer term exposures to Sertoli cell toxicants, disorga-
nization of the seminiferous epithelium may occur with variable
germ cell loss and irregularly arrayed germ cell layers (Fig. 18).
Sertoli cell cytoplasm may become more apparent due to
unmasking with germ cell loss and this may have a focal or seg-
mental appearance (Fig 19A and B) or with more severe toxicity
it may present as diffuse atrophy (Fig. 19C and D).

Sertoli cells normally produce seminiferous tubular fluid
(STF). Altered functionality associated with SC toxicant adminis-
tration may lead to increases or decreases in tubular diameter
associated with changes in STF production.

Sertoli cells are responsible for maintaining the separation of
individual germ cells within the cohorts of clones resulting from
serial mitotic divisions of a single antecedent spermatogonium.
Multinucleated germ cells (most often round spermatids, occa-
sionally spermatocytes) result from failed integrity of the intercel-
lular bridges serving as partitions (Figs. 20 and 21) (see
O’Donnell, this issue).

Loss of BTB integrity may occur with SC toxicity. With BTB
breakdown, normally sequestered ‘foreign’ antigens are exposed
to the immune apparatus and inflammation may ensue.

Figure 11. Testes from a rat. Stage VII-VIII tubules with step 19 spermatid heads deep with the
tubular epithelium (arrows) instead of at the lumen.

Figure 12. Testis from a rat given dibromoacetic acid, which has affected
Sertoli cell function, manifesting as abnormally large residual bodies with
delayed resorption (stage XII).
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Figure 13. Spermatid retention in the rat. Retained step 19 spermatids can be present at the tubular lumen (A) or may be located deep within the semi-
niferous epithelium within Sertoli cells (B).

Figure 14. Vacuolation within the cytoplasm of Sertoli cells in the rat. Sertoli cell vacuolation (arrows) can be observed with other findings including
degeneration (A) and/or spermatid retention (B).

Figure 15. Vacuolation within the cytoplasm of Sertoli cells (arrows) in
the cynomolgus monkey.

Figure 16. Vacuolation within a Stage XII tubules of a rat with a cluster of
small vacuoles present within the cytoplasm of a Sertoli cell (arrows) and
a single large vacuole (asterisk) likely present between Sertoli cells.
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Hormonal effects
Histopathologic manifestations of hormonal disturbances can

vary markedly among species (see Weinbauer, this issue). Endo-
crine effects can be precipitated by mechanisms at the central
(hypothalamus/pituitary) or peripheral (testis/Leydig cell) level,
involving a hormone or its receptor or its metabolism/clearance,
an upstream releasing hormone or its receptor, a transport pro-
tein, or factors involved in feedback loops. Although species gen-
erally share similar factors and mechanisms in endocrine

regulation, species peculiarities may alter the morphologic
response to an endocrine modification. The significant differen-
ces in hormonal mechanisms in rats and other laboratory animals
compared to humans affect the relevance of the respective species
in male reproductive toxicologic safety assessment.

As previously described, specific morphologic changes in rat
testes (including spermatid retention and degeneration of sper-
matocytes and round spermatids in stage VII/VIII [Fig 22]) are
associated with decreased intratesticular testosterone levels,
which are normally approximately 50 times higher than serum
testosterone levels. Such changes may be triggered by exogenous
testosterone23,24 resulting in negative feedback to hypothalamus
and pituitary gland with subsequent decreased luteinizing hor-
mone (LH) release and decreased Leydig cell production of tes-
tosterone. The same morphologic manifestations in testis may
occur following direct cytotoxic actions on Leydig cells (e.g.
with ethylene dimethane sulfate)25 and with gonadotropin
releasing hormone (GnRH) antagonism.26 Following more
severe or chronic reductions in androgens, there is a more gen-
eralized reduction in cellularity with a loss of spermatids
(Fig. 23). Excessive intratesticular estradiol in rats also causes
spermatid retention.27

In the dog and nonhuman primate, the histologic changes in
the testis secondary to decreases in androgens lack the stage speci-
ficity seen in the rat and are often most pronounced when cou-
pled with centrally mediated decreases in gonadotropins. In the
dog, testosterone depletion has been induced by administration
of neurokinin receptor antagonists28,29 or by immunization of
dogs against luteinizing hormone releasing hormone30 with his-
topathologic changes of germ cell sloughing and depletion
(Fig. 24). Despite comparable neurokinin receptor antagonist
exposures in dogs and rats for each compound, rats did not mani-
fest testicular morphologic changes or altered hormonal levels,
illustrating different roles for neurokinin receptors in endocrine
regulation between species. Cynomolgus monkeys also differ
from rats in their response to testosterone deficiency, due to

Figure 18. Rat testis with loss of normal cell associations including the
presence of step 7 to 8 spermatids in tubules with spermatocytes under-
going meiotic division, spermatocytes present on the luminal side of
round spermatids, and varying degrees of degeneration.

Figure 17. Exfoliation of germ cells in the rat. (A) Stage V tubule with exfoliation of germ cells and multinucleated giant cells. (B) Extensive exfoliation of
germ cells.
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Figure 19. Tubular atrophy in the rat can range from focal or segmental (A and B) to diffuse (C and D) with a reduction in organ weight.

Figure 20. Multinucleated germs cells in the rat. (A) Stage VII tubules with numerous multinucleated pachytene spermatocytes (arrows). (B) Stage VIII/IX
tubule with degeneration of round spermatids and formation of multinucleate aggregates (arrows).
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follicle stimulating hormone (FSH) having a more prominent
role in supporting spermatogenesis.31-33 Decreases in gonadotro-
pins and testosterone in the cynomolgus monkey lead to a more
generalized depletion of germ cells with variably present sperma-
tid retention.34 (also see Weinbauer, this issue)

Changes related to decreases in androgens are often most read-
ily identified in the accessory sex organs as a decrease in weight,
secretory content, and/or epithelial height (Fig. 25).

Leydig cell changes
Leydig cells (LC) as the producers of testosterone are impor-

tant in the mechanisms and manifestations of hormonal disrup-
tion. Species differences in endocrine feedback loops and in
regulation of LC hormone receptor expression result in different
morphologic responses to compounds causing endocrine
modulation.

Different mechanisms in negative feedback for GnRH release
between dog and rat are represented in varying responses in LCs
to administration of aromatase inhibitors.35 Aromatase catalyzes
the change from androgens to estrogens. Due to the importance
of estrogens as the major negative feedback stimulus in dogs (as
in primates), both steroidal and non-steroidal aromatase inhibi-
tors administered to dogs result in LC hypertrophy/hyperplasia.
In contrast, rats depend on testosterone and dihydrotestosterone
for negative feedback to the hypothalamus. Rats administered a
steroidal aromatase inhibitor manifested LC atrophy (Fig. 26)
due to the negative feedback caused by the xenobiotic, whereas a
non-steroidal aromatase inhibitor had no effect on rats. Leydig
cell atrophy is associated with decreased testosterone production
and therefore, in rodents, is frequently seen in conjunction with
the characteristic morphologic changes in the seminiferous epi-
thelium due to testosterone withdrawal.

Prolactin has a distinctive endocrine regulatory role in the rat
compared to other species. Prolactin stimulates the expression of
LH receptors in rat Leydig cells making them more responsive.
Dopamine inhibits prolactin secretion from the pituitary gland.
Dopamine agonists, therefore, inhibit prolactin release, thereby
decreasing Leydig cell responsiveness, decreasing testosterone

Figure 21. Multinucleated germ cells in the dog (A) and cynomolgus
monkey (B).

Figure 22. Stage VII tubule from a rat demonstrating numerous degen-
erate spermatocytes (arrows) resulting from slightly reduced
testosterone.

Figure 23. Rat with severely reduced testosterone demonstrating gener-
alized loss of elongating spermatids.
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production, and increasing LH with consequent LC hypertro-
phy/hyperplasia (Fig. 27) and increased incidence of LC tumors
(Fig. 27) in chronic studies.36 This tumorigenic effect of dopa-
mine agonists is peculiar to the rat and considered not to be

relevant to human.37 Leydig cell hyperplasia and tumors in mice
are usually associated with estrogenic stimuli.38,39

Few compounds are associated with necrosis of Leydig cells,
the most notable one being ethylene dimethane sulfate.25,40

Figure 24. Testis (A) and epididymis (B) with abundant exfoliated germ cells from a dog with centrally mediated reductions in androgens.

Figure 25. Prostate from a control rat (A) and dog (C). Prostate from a rat (B) and dog (D) with severely reduced androgen levels.
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Epididymal changes
The excurrent ducts (rete testis, efferent ducts, epididymis,

and vas deferens) conduct the outflow of mature spermatids
while supporting maturation into fertile spermatozoa. Fluid
resorption, protein synthesis, secretory activity, and hormonal
modulation occur within specific portions of the epididymis.
Disruption of these processes can adversely impact fertility (also
see Kempinas and Klinefelter, this issue).

Testosterone within the STF is delivered to the epididymis
where it is converted by 5‑a reductase to dihydrotestosterone
(DHT), which has greater affinity for the androgen receptor and
is thus more potent than testosterone. Any compound causing
decreased testicular testosterone results in decreased epididymal
weight and atrophy (Fig. 28) of the luminal epithelium. Testos-
terone deficiency also manifests as single cell necrosis (apoptosis)
of the epididymal epithelium (Figs. 29-31), cribriform change
associated with epithelial cell loss, and/or decreased tubular
diameter. Antagonists of the androgen receptor cause similar
changes to the epididymis. Inhibitors of 5-a reductase, such as
finasteride, cause more subtle epididymal changes, only detected
morphometrically.41

The anatomic arrangement of rat
efferent ducts (multiple conduits con-
verging on a single outflow tract) pre-
disposes them to occlusion by
sloughed debris. Various compounds
causing dilation in rat excurrent ducts
followed by spermatoceles, sperm
granuloma formation, and retrograde
fluid pressure and seminiferous tubu-
lar atrophy have been described
(Figs. 32 and 33).42-44 (also see Hess,
this issue). Dogs, having blind-ended
structures within the efferent ductular
arrangement, are predisposed to devel-
opment of sperm granulomas, but less
prone to occlusion.45 The epididymis

Figure 26. Leydig cell atrophy in a rat. Leydig cells (left) have scant cyto-
plasm. This stage X tubule has retained step 19 spermatids (lower right)
as a manifestation of local testosterone depletion.

Figure 27. Leydig cell adenoma accompanied by tubular atrophy in a rat.

Figure 28. Epididymides from a control rat (A) and from a rat with markedly reduced androgen levels
demonstrating epithelial atrophy and reduced luminal diameter (B).

Figure 29. Initial segment of the epididymis from a rat with reduced
androgen levels demonstrating increased epithelial apoptosis.
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Figure 31. Epididymis from a cynomolgus monkey with increased epi-
thelial apoptosis (arrows).

Figure 30. Epididymides from a control dog (A) and from a dog with decreased androgen levels demonstrating epithelial atrophy and increased apopto-
sis (arrows).

Figure 32. Cross and longitudinal sections of right and left testes from a
rat. The cross section is normal and the longitudinal section has diffuse
dilation of tubules and rete testis (arrow) due to outflow obstruction.

Fig 33. Rat testes with dilation of the rete testis (arrow) and tubular dila-
tion (A) and tubular dilation with secondary degeneration (arrows) of
the seminiferous tubules (B).

Figure 34. Epithelial vacuolation within the epididymis of a rat.
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is also a frequent target of compounds inducing phospholipido-
sis, resulting in epithelial cell cytoplasmic vacuolation (Figs. 34
and 35).46

Much like the Sertoli cell, cellular junctions between epididy-
mal epithelial cells maintain sequestration of the foreign antigens
present on spermatozoa from the immune system. Compromise
of this barrier function, often due to ischemia of the vulnerable
caput epididymis, can result in inflammation and granuloma for-
mation (Fig. 36).20 (also see Gregory and Cyr, this issue)

Testicular toxicity of any cause can lead to secondary changes
within the epididymis including increased cellular debris/
sloughed germ cells, decreased luminal content, and/or cribri-
form change (Figs. 37 and 38). Increases in the number of
sloughed germ cells can be an early indicator of testicular toxicity,
but often the secondary changes in the epididymis become more
pronounced as the duration and/or severity of the testicular toxic-
ity increases.

Fluid disturbances
Tubular fluid dynamics

are influenced by the pro-
duction of STF by SCs,
the propagation of luminal
contents by contraction
of peritubular myoid cells
(PTMC), the resorption of
fluid within efferent ducts
and epididymides, and any
circumstances resulting in
obstruction of the excurrent
path.

As noted previously,
impaired SC function may
affect STF production,
resulting in alteration of
the inner and/or outer
seminiferous tubular diame-
ter. STF production is

Figure 35. Epithelial vacuolation within the epididymis of a dog.

Figure 36. Sperm granuloma (arrows) within the epididymis of a rat. This
granuloma was large enough to be documented as a macroscopic obser-
vation at necropsy.

Figure 37. Rat epididymides with a mild increase in cellular debris (A) compared to a marked increase (B). Note that
in minimal to mild examples, there is a mix of normal appearing sperm with increased cellular debris, while in more
severe examples the lumen is filled with sloughed degenerate germ cells and cellular debris.

Figure 38. Epididymis from a rat with decreased luminal contents and
focal infoldings of the epithelium with pseudoglandular structures
termed cribriform change.
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androgen-dependent and influenced by numbers of germ cells (par-
ticularly elongating spermatids). Fluid accumulation can result in
increased testis weight, but may be transient as the increased intra-
tubular pressure leads to germ cells loss resulting in decreased testis
weight and tubular atrophy (see Hess, this issue).

Contraction of PTMC is stimulated by endothelin-1 activ-
ity.47,48 Although the precise mechanism for testicular degenera-
tion associated with endothelin receptor antagonists has not yet
been elucidated, it is plausible that altered fluid dynamics associ-
ated with PTMC impairment may contribute; vascular effects
have also been considered. Necrosis of PTMC has been reported
following administration of the histamine antagonist cimetidine
to rats, with subsequent changes consistent with SC injury.49,50

PTMC provide essential support to SCs and decreased SC func-
tion may be secondary to PTMC injury. The interrelatedness of
testicular cellular components blurs the discernment of which
morphologic effects are primary versus secondary.

A serotonin receptor ago-
nist administered to rats
caused vasoconstriction with
subsequent seminiferous
tubular, rete, and efferent
duct distention.51

Several compounds (eth-
ylene dimethane sulfate,
a-chlorhydrin, dinitroben-
zene, cadmium, and carben-
dazim) have been implicated
in obstruction of efferent
ducts due to epithelial hyper-
plasia, sperm stasis, or occlu-
sion by sloughed cells, with
subsequent inflammation
(Figs. 39 and 40) and testic-
ular tubular degenerative

Figure 39. Efferent ducts from a rat with sperm stasis and a neutrophilic, peritubular inflammatory cell infiltrate
(arrows).

Figure 40. Efferent ducts from a cynomolgus monkey with sperm stasis
and a neutrophilic, peritubular inflammatory cell infiltrate (arrows).

Figure 41. Testis from a rat with marked necrosis of the seminiferous
tubules.

Figure 42. Testis from a rat with focal ischemic necrosis of frontal region
of testis. Note the distinct line of demarcation between normal and
abnormal tissue (arrows).
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effects.52 Failed excurrent ductular fluid resorption in mice lack-
ing the estrogen receptor53 suggests estrogen modulatory com-
pounds could result in similar fluid disturbances.

Vascular effects
Ischemia due to vascular compromise results in coagulative

necrosis of testicular components, similar to severe the testicular
vascular compromise occurring spontaneously with testicular tor-
sion (Fig. 41). Cadmium is the best known testicular endothelial
cell toxicant causing necrosis (in contrast to apoptosis) of germ
cells and stromal cells, including SCs, LCs, PTMCs and

interstitial vasculature.54

Sequelae of ischemic necrosis
include inflammation, fibro-
sis and complete tubular atro-
phy. Focal ischemic necrosis
has been seen following high
doses of human chorionic
gonadotropin with effects
mediated by local production
of vasoactive prostaglandins
(Fig. 42).55 Less severe vascu-
lar effects due to vasoactive
compounds such as seroto-
nin, histamine and epineph-
rine cause less extensive
effects impacting primarily
germ cells and leading to

patchy tubular atrophy (Fig. 43).
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