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Sertoli cell population and histology were studied in testes of unilateral cryp-
torchid goats. Histomorphological and electron microscopic techniques were
employed. The results demonstrated that the number of Sertoli cell per testis
was significantly (o < 0.05) higher in the descended scrotal testes of unilateral
cryptorchid bucks compared with the right and left testes of the normal bucks,
respectively. However there was no significant difference (p > 0.05) on compa-
ring the number of Sertoli cells in the scrotal testes of the unilateral cryptorchid
bucks with the paired testes of the normal bucks. Significant differences were
not observed in the dimensions of the Sertoli cell nuclei in the retained, scrotal
testes of the cryptorchids and the testes of the normal bucks. The Sertoli cells of
the descended scrotal testes of the cryptorchid bucks and those of the normal
bucks showed histological evidence of normal activity. Degeneration of Sertoli cells
was observed in the retained testis of the cryptorchid bucks. The failure of one
testis to descend most probably influenced compensatory hyperplasia of Sertoli
cells and enhanced function of the cells in the descended testis of the unilateral
cryptorchids. (Folia Morphol 2016; 75, 3: 355-363)
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INTRODUCTION

West African Dwarf goat (WAD) is the predomi-
nant breed of goat in Southern Nigeria. Its preference
for browsing on a wide variety of vegetation, its
ability to withstand the extremes of tropical climate
account for its widespread distribution throughout
West, Central and East Africa, India and Fiji [23, 24].
These goats are largely unimproved genetically, but
show a certain degree of tolerance or resistance to
trypanosomiasis [6]. Among the WAD goats of East-
ern Nigeria, unilateral cryptorchidism has been de-
scribed as a common condition [8, 9]. Cryptorchidism
is a condition where one (unilateral) or both (bilateral)
testes fail to descend into the scrotum [20, 22]. In

men with unilateral cryptorchidism, tumour of the
scrotal testis has been reported [14]. Pinart et al. [25]
has suggested abnormal and incomplete spermatid
maturation in the scrotal testis due to abnormal struc-
ture and function of Sertoli cells. Changes in Sertoli
cell structure associated to cryptorchidism include,
increased lipid content and vacuolisation of Sertoli
cells [11], degeneration of smooth endoplasmic re-
ticulum and changes in inter Sertoli cell junctions
[4] in the retained testis. In the goat, study of the
characteristics of Sertoli cells in the scrotal testis in
unilateral cryptorchids has received little attention.
The few available studies remain a source of con-
cern as some found incomplete development and
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morphological abnormalities while others found nor-
mal Sertoli cell morphology [31]. Moreover, most
of the available information was based on descrip-
tive histology. No definitive studies have assessed
changes in Sertoli cell population in the retained and
descended testes of unilateral cryptorchid bucks. The
influence of unilateral cryptorchidism on Sertoli cell
population remains to be clarified. The unavailability
of enough information is worrisome as a high cor-
relation between the absolute number of Sertoli cells
per paired testis and daily sperm production has been
established [16, 29]. The present study is therefore
aimed at examining the morphology and popula-
tion of Sertoli cells in (abdominally) retained and
descended (scrotal) testes of unilateral cryptorchid
goats. This may provide further information on the
effect of unilateral cryptorchidism on the contralateral
descended testes.

MATERIALS AND METHODS
Compliance with ethical standard
Permission was obtained from the University of
Nigeria Ethics Committee on the use and care of ani-
mals for experiment. The guidelines for the care and
use of animals for experiment were strictly followed.

Animals

Forty adult male WAD goats aged 14-20 months
(average age of 17 months) and weighing between
8 and 10 kg (average weight of 9.5 kg) were used for
the study. The ages of the bucks were estimated by
dentition method as described by Mitchell [21]. The
bucks were divided into two groups, Group A (20 bucks
with fully descended testes) and Group B (20 bucks
with unilaterally descended testis). Group A served as
control group while Group B was the experimental
group. The animals were apparently healthy. They were
fed with giant star grass, elephant grass and spent
maize grain. Water was provided ad libitum.

Tissue processing for light and electron
microscopy

Ten bucks from each group were euthanised with
an overdose of 20% pentobarbitone sodium (Saga-
talR, Animal Care Ltd., United Kingdom). Testes sam-
ples were processed for semi and Ultrathin sections
as described below.

Modified Karnovsky fixative composed of 2% para-
formaldehyde and 2.5% glutaraldehyde in 0.1 M
phosphate buffer at pH 7.4 was used as prima-
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ry fixative. The fixing agent was administered by
perfusion as described by Ezeasor [10]. Testes were
dissected out and weighed. The volume of testes
was determined by water displacement technique.
The tunica albuginea was separated from the testes
parenchyma and both the tunica albuginea and pa-
renchyma were weighed respectively. 2-4 mm thick
testis samples taken from each buck were post fixed
in OsO4 in Millonig’s buffer, dehydrated in increasing
concentrations of ethanol, cleared in propylene oxide
and embedded in epoxy resin. Semi-thin sections,
1 um thick were cut using an ultramicrotome, the
sections were stained with toluidine blue and utilised
for histological and morphometric evaluation of the
Sertoli cells using Leica light microscope.

Ultrathin sections 50-90 nm thick were obtained us-
ing ultramicrotome. The ultrathin sections were stained
with Reynold'’s lead citrate and saturated aqueous ura-
nyl acetate. The sections were examined using a Philips
CM 10 transmission electron microscope. Micrographs
were produced using an Olympus Mega View Il digital
camera (Olympus Corporation Japan) attached to the
transmission electron microscope.

Cell counts and cell numbers

The number of each cell type was determined by
dividing the product of the nuclear volume density,
parenchymal volume and histological correction fac-
tor (for section thickness and nuclear diameter) by
the volume of a single nucleus of that cell type [17].

Volume density of each cell type was determined
using a 50 point ocular reticule at 400x magnifica-
tions. The volume density was based on the number
of points over nuclei of the cell type divided by total
points over the testicular tissue. The mean of 20 meas-
urements for each buck was taken as the volume den-
sity of the cell in the buck. Nuclei or nucleoli at stage 1
of the seminiferous epithelia cycle were utilised for the
counting. The staging was done according to Franca
et al. [13]. Nuclei or nucleoli were counted in 20 round
seminiferous tubule cross sections randomly chosen
from each buck. The nuclear diameter was determined
using a standardised ocular micrometre inserted in
the eye piece of a Leica light microscope. The correc-
tion for section thickness and nucleus and nucleolus
diameter was done as described by Abercrombie [1]
and modified by Amann [2].

The numbers of Sertoli cell, per gram of testis
were then determined by dividing the total number
of Sertoli cells by the testis weight.
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Table 1. Number and dimensions of Sertoli cells in the testes of normal and unilateral cryptorchid goats (mean = SEM)

Unilateral cryptorchid

Testes of normal goats

Retained testes  Scrotal testes Left Right Paired
Nuclear volume density [%] 0.95 = 0.51° 119 +0.12b 1.27 + 0.04b 1.26 + 0.02
No. Sertoli cells/section of seminiferous tubule 10.60 + 0.60° 18.81 + 0.50° 12.74 + 0.00° 1213 +0.32¢
No. Sertoli cell/testis (x 10°) 0.34 = 0.75° 1.02 + 0.50 0.61 =0.27° 0.65 = 0.34° 1.25 + 0.82
No. Sertoli cell/g testis (% 10°) 9.40 = 0972 1770 £ 114 1253 +0.86°  12.14 + 0.26°
Nucleolus diameter 6.23 + 1.45° 7.95 + 1.62° 7.70 = 1.10° 7.85 + 0.56
Nuclear diameter 1310088 1367 =054 1359 +0.72° 3.46 = 0.89°

Means with different superscript (a, b, c) on the same row are significantly different (p < 0.05)

Table 2. Germ cell/Sertoli cell ratio (mean = SEM) in the nor-
mal and scrotal testis of unilaterally cryptorchd goats at stage 1
of the seminiferous epithelia cycle

Testis Scrotal

(Normal testis
bucks) (Cryptorchid)
Spermatogonia 1.70 = 0.062 1.65 = 0.522
Primary spermatocytes 3271 £ 013 5.13 +0.83
Round spermatids 5.74 = 0.68° 954 + 0.16

Means with different superscript (a, b) on the same row are significantly different (p < 0.05)

Statistical analysis

Data were analysed using linear model procedure
of SAS 6.12. Data are reported as least square means
and standard error of the mean (SEM). Differences be-
tween treatment means were tested for significance
using student’s t-test. Significance was accepted at
p < 0.05.

RESULTS

Histometry

The number of Sertoli cells and dimensions of their
nuclei were presented in Table 1. The number of Ser-
toli cells per cross section of the testis were 10.60 +
+0.60, 18.81 = 0.50and 12.74 + 1.00, 12.13 = 0.32
for the abdominally retained, contralateral descended
testes of the unilateral cryptorchid bucks and left
and right testes of the normal bucks, respectively.
The mean number of Sertoli cells per cross section of
the retained testis was significantly (p < 0.05) lower
in the retained than in the contralateral descended
testes of the unilateral cryptorchid bucks and also in
the left and right testes of normal bucks, respectively.
Similarly the mean number of Sertoli cells per cross
section of the seminiferous tubule was significantly
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higher in the contralateral scrotal testes of the cryp-
torchid bucks (p < 0.05) compared with either testis
of the normal bucks. Total number of Sertoli cells
in the contralateral scrotal testes of the cryptorchid
bucks was significantly higher than those of the left
or right testes of the normal bucks. However, there
was no significant difference on comparing the total
number of Sertoli cells in the contralateral scrotal tes-
tes of the cryptorchid bucks with those of the paired
testes of the normal bucks.

The numbers of Sertoli cells per gram of the testis
were 9.40 x 106 = 0.97, 17.70 x 106 + 1.14 and
12.53 x 106 + 0.86 and 12.14 x 10°® = 0.26 for the
retained testis, contralateral scrotal testis of the uni-
lateral cryptorchid bucks, left and right testes of the
normal (control) bucks, respectively. The numbers of
Sertoli cells per gram of testes were significantly
(p > 0.05) higher in the scrotal testis of the unilateral
cryptorchid bucks compared with the retained testis.
The numbers of Sertoli cell per gram of testis was also
significantly (p > 0.05) higher in the scrotal testis of
the cryptorchid bucks compared with the left and
right testes of the normal bucks, respectively.

The mean nuclear diameters of the Sertoli cells
of the retained testis, contralateral scrotal testis of
the cryptorchid bucks and left and right testes of
the normal bucks were 13.10 + 0.88 um, 13.67 =+
+ 0.54 um, 13.59 + 0.72 um and 13.46 = 0.89 um,
respectively. There were no significant differences
in the mean diameters of the Sertoli cell nuclei and
nucleoli between the contralateral scrotal testis of
the naturally unilateral cryptorchid bucks and those
of the normal bucks (p > 0.05).

The different germ cell/Sertoli cell ratios were il-
lustrated in Table 2. The numbers of spermatogonia
per Sertoli cell were 1.70 = 0.06 and 1.65 = 0.52 in
the scrotal testis of the cryptorchid bucks and the
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testis of the normal bucks, respectively. The ratio of
spermatogonia to Sertoli cell in the scrotal testis of
the unilateral cryptorchid bucks was similar (p > 0.05)
to that of the testes of the normal bucks. The ratios
of primary spermatocytes to Sertoli cells were 3.27 +
+0.13and 5.13 + 0.83 for the normal and scrotal testis
of the cryptorchid bucks, respectively. The number
of primary spermatocyte per Sertoli cell was signifi-
cantly higher (p < 0.05) in the scrotal testis of the
cryptorchid bucks, compared with the normal bucks.

The number of round spermatids per Sertoli cell
was also found to be significantly higher (p < 0.05) in
the scrotal testis of the cryptorchid bucks, compared
with the normal bucks. However, the Sertoli cell-
spermatogonia ratio was similar in the contralateral
scrotal testes of unilateral cryptorchids and testes of
the normal bucks.

Histology of Sertoli cell of the scrotal testes from
unilateral cryptorchid and normal bucks

In the light microscopy, the histology of Sertoli
cells from the testes of the normal (control) bucks
and those from the scrotal testis of the unilateral
cryptorchid bucks were similar. The Sertoli cells were
located among the developing germ cells. They were
comparatively large cells that rest on the basal lamina
and extended upward through the thickness of the
epithelium (Fig. 1). The shape of the Sertoli cells ap-
peared columnar. The extensions of the apical and
lateral plasma membranes housed developing sper-
matozoa (Fig. 2). This relationship was observed in
most of the stages of the seminiferous epithelium.
The nucleus was found close to the base of the cell,
resting on the basement membrane. The Sertoli cell
nucleus was large and several different shapes were
observed depending on the stage of the seminiferous
cycle. The shape ranged from round, oval to irregular
but all contained prominent nucleolus. Sertoli cells
nuclei contained one or multiple deep indentations
on their nuclear membrane, which made the nu-
clei, appear irregularly shaped. The nucleoplasm was
typically euchromatic and stained very light blue with
haematoxylin. The nucleolus was large and stood out
as the only distinct intra nuclear structure (Fig. 3). The
Sertoli cells processes formed occluding junctions that
divided the seminiferous epithelium basal compart-
ment (containing spermatogonia and preleptotene
spermatocytes) and adluminal compartment (zygo-
tene, pachytene and diplotene primary spermato-
cytes, secondary spermatocytes and spermatids).

Figure 1. Stage 3 of the seminiferous epithelial cycle in the scrotal
testis of the cryptorchid goat, Sertoli cell (S), with a basally located
euchromatic nucleus. Note the cytoplasmic proceeses of Sertoli
cells (arrows) that divided the seminiferous epithelium into basal
and apical portions. Toluidine blue stain.
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Figure 2. Stage 4 seminiferous tubule profile from normal (non-
cryptorchid buck) testis, showing bundles of maturing spermatids
at the tips of Sertoli cell processes (arrow) and triangular shaped
euchromatic Sertoli cell nucleus (S). Note the prominent nucleolus
(arrow head) and cytoplasmic processes of the Sertoli cell (*).
Toluidine blue stain.

Ultrastructural study also showed similarities
between the histology of Sertoli cells in the nor-
mal testes and those of the scrotal testis of the
unilateral cryptorchid bucks. The Sertoli cells were
irregular in shape and contained nuclei with ir-
regular outline (Figs. 4, 5). Numerous infoldings
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Figure 3. Stage 4 of the seminiferous tubule profile from the scrotal
testis of the unilateral cryptorchid goat, showing columnar shaped
Sertoli cell (S) with a basally located euchromatic nucleus (N).
Toluidine blue stain.
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Figure 4. Electron micrograph of Sertoli cell from scrotal testis of
unilateral cryptorchid goat showing a large irregular nucleus with
uniformly distributed chromatin (N), nucleolus (NE) and an indenta-
tion on the nuclear envelop housing whorls of rough endoplasmic
reticulum (rER). Adjacent to another Sertoli cell is a junctional com-
plex (arrows) that appeared intact. Note the cytoplasm contained
donut shaped mitochondria (M) and widely distributed smooth
endoplasmic reticulum (sER) and basal lipid droplet (L).

were observed on the nuclear envelope. Numer-
ous nuclear pores were also seen. The karyoplasm
appeared homogeneous, however small electron
dense areas were observed on the inner nuclear
envelope. The nucleoli were very prominent. The
cytoplasmic organelles were mostly uniformly dis-
tributed, though in some sections the distribution
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Figure 5. Electron micrograph of Sertoli cell from the testis of

a normal (control) buck, showing an irregularly shaped nucleus (N},
nucleolus (NE) and indentations on the nuclear envelop (arrow).
The cytoplasm contains a supranuclear Golgi complex (G),
mitochondria (M) and agranular endoplasmic reticulum (sER).

Figure 6. Electron micrograph of Sertoli cell from scrotal testis of
unilateral cryptorchid, showing the basally located nucleus (N) with
vesiculated nucleolus (NE) Note the polarisation of the cell with
most organelles located at the apical portion. Polysomes (arrows),
free ribosomes (arrow head), lysomes (L), smooth endoplasmic
reticulum (sER) were randomly distributed in the cytoplasm. The
junctional complex (*) is intact.

was polarized, the nucleus occupying the basal
portion of the cell while most of the cytoplasmic
organelles occupied the apical portion (Figs. 6, 7).
Mitochondria were randomly distributed in the
cytoplasm. Some of the mitochondria were round
or oval in shape, while others were cylindrical, cup
shaped or shaped like donuts.
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Figure 7. Electron micrograph of Sertoli cell from the testis of
normal (control) bucks showing portion of the nucleus (N), cylin-
drical shaped mitochondria (M), polysomes (arrow) and widely
distributed ribosomes (arrow heads). Note the adjacent germ cells
(SP) separated from the Sertoli cell by intact germ cell-Sertoli cell
junction complex (*).

Figure 8. Electron micrograph of elongated spermatids in a scrotal
testis of unilateral cryptorchid buck. Note the Sertoli cell ectoplas-
mic specialisation (arrows).

Rough endoplasmic reticulum profiles were ran-
domly located in the cytoplasm. Smooth endoplasmic
reticulum appeared to be the most prominent orga-
nelle found in the cytoplasm of Sertoli cells in the
testes of normal bucks and contralateral scrotal testes
of the unilateral cryptorchid bucks (Figs. 6, 7). Cis-
ternae of smooth endoplasmic reticulum were often
found adjacent to mitochondria or evenly dispersed
within the cytoplasm or surrounding lipid droplets.
Golgi bodies were small and sparingly observed in
the Sertoli cells of both the control testis and the
contralateral scrotal testes of the unilateral cryp-
torchid bucks. They were single networks of stacked
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saccules located at the supranuclear region of the
Sertoli cell. Free ribosomes and polyribosomes were
found distributed throughout the cytoplasm. Dense
membrane bound bodies representing primary or
secondary lysosomes were abundant in the cyto-
plasm. Lipid droplets of varying sizes were abundant
in the basal part of the cytoplasm. The inter-Sertoli
cell junctions were extensive tight junctions formed
by the fusion of the peripheral leaflets of opposing
Sertoli cell membranes (Figs. 6, 7). These Sertoli cell
junctions divided the seminiferous epithelium into
a basal compartment containing spermatogonia and
preleptotene spermatocytes and adluminal compart-
ment containing more differentiated spermatocytes
and spermatids. Different types of contacts were also
observed between the Sertoli cells and germ cells
(Fig. 8). These include Sertoli-ectoplasmic specializa-
tions, tubulobulbar complexes and desmosome-like
junctions. Sertoli-ectoplasmic specialisations were
asymmetric junctional specializations that exist only
at Sertoli cell side and consist of whorls of agranu-
lar endoplasmic reticulum and filaments. They were
observed in the side of Sertoli cells facing elongation
and maturation phase spermatids. The tubulobulbar
complexes were observed as deep extensions of the
spermatid plasmalemma into corresponding invagi-
nations in the Sertoli cell (Fig. 8).

Retained testis

In the retained testis of unilateral cryptorchid bucks,
Sertoli cell was the only cell type in the seminiferous
tubule (Fig. 9). Each cell was in contact with the ba-
sal lamina, though the nuclei appeared at different
levels as in pseudo stratified epithelium. The nucleus
of the Sertoli cell was oval or irregular and showed
occasional indentation on its outline. Ultrastructurally,
the euchromatic nucleoplasm contained a nucleolar
complex (Fig. 10). Mitochondria of different shapes
were found in the cytoplasm. Clusters of cisternae of
smooth endoplasmic reticulum were observed in areas
close to the junctional specialisations (Fig. 11). Patches
of rough endoplasmic reticulum was also present in the
cytoplasm. Extensive interdigitations were observed be-
tween adjacent Sertoli cell plasma membranes (Fig. 11).
The interdigitations were finger-like projections into
the basal cytoplasm of adjacent cells. Desmosome
like junctional complexes were located along the
contact surface of the cells. The junctional complexes
appeared to be intact. Some Sertoli cell profiles were
characterised by cytoplasmic vacuolations, and loss of
organelle outlines. Many randomly distributed mem-
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Figure 9. Seminiferous tubule profiles of retained testis of the unilateral
cryptorchid buck, showing Sertoli cells (arrows) as the only cell type in
the seminiferous epithelium. Haematoxylin and eosin stain.

Figure 11. Electron micrograph of Sertoli cell in retained testis of
unilateral cryptorchid buck. Sertoli-Sertoli cell junctions (arrow)
appear intact. Clusters of smooth endoplasmic reticulum (sER) are
present as well as expanded rough endoplasmic reticulum (rER).
Basal cytoplasm is replete with vacuoles (V) x 27000.

Figure 10. Electron micrograph of Sertoli cell from the retained testis
of unilateral cryptorchid buch, showing a euchromatic nucleus (N),
nucleolus (NE) and indented nuclear outline (arrow). Note the
cytoplasmic organelles have lost their outlines.

branes bound vesicles of varying sizes and shapes were
also found in the cytoplasm (Fig. 12). Free ribosomes
granules were also abundant in the cytoplasm.

DISCUSSION

The mean numbers of Sertoli cells per cross sec-
tion of testes, numbers of Sertoli cells per gram of
testes were significantly higher in the scrotal testis
of the cryptorchid bucks compared with those of
the normal bucks. However, the total numbers of
Sertoli cells in the single contralateral scrotal testes
of the cryptorchid bucks were similar to that of the
paired testes of the normal bucks. The findings in
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Figure 12. Electron micrograph of Sertoli cell in retained testis of
unilateral cryptorchid buck. Cytoplasmic organelles have lost their
outlines. Lysosomes (L) and ribosomes (arrows) are abundant in
the cytoplasm.

the present study demonstrate that a single testis
of the unilateral cryptorchid bucks contained as
much Sertoli cells as the paired testes of the normal
bucks. It is most probable that there is Sertoli cell
hyperplasia in the scrotal testis of the unilateral
cryptorchid bucks, to compensate for the defect
observed in the contralateral retained testes. The
compensatory increase in population of Sertoli cell
in the contralateral scrotal testes of the unilater-
ally cryptorchid bucks, may be an indication that
individual Sertoli cell would need to provide blood-
testis barrier over a reduced physical area. This
phenomenon possibly maximizes their potentials for
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improved spermatogenesis. Therefore, the similarity
in the number of Sertoli cells in the scrotal testis of
unilateral cryptorchid bucks and the normal bucks
may be an indication that unilateral cryptorchid bucks
produce similar sperm output as the normal bucks.

In the present study, the germ cell-Sertoli cell
ratio was significantly higher in the contralateral
testes of the unilateral cryptorchid bucks compared
with the normal bucks. It is then most probable that
the Sertoli cells in the contralateral scrotal testes
of the cryptorchid bucks are more efficient in sup-
porting spermatogenesis. It has been reported that
spermatid — Sertoli cell ratio is the determinant of
the workload and function of the Sertoli cell [19] and
spermatogenic efficiency [12]. The spermatid-Sertoli
cell ratio is an important marker of spermatogenesis
as it has been demonstrated that relative changes in
daily sperm production would adjust the number of
spermatids supported by the Sertoli cell population
[27]. Thus the only functional testis of the unilateral
cryptorchid underwent hyperplasia and enhanced
functional capability to compensate for loss of func-
tion of the opposite contralateral retained testes.

Morphological features of the Sertoli cells were
similar in the contralateral scrotal testes of the unilat-
erally cryptorchid bucks and the testis of the normal
bucks and they conform to the general description of
Sertoli cells in other mammals [18]. The morphologi-
cal similarities observed, demonstrate that abdominal
retention of one testis in unilateral cryptorchidism
does not affect the morphology of the contralateral
descended scrotal testis. This finding is at variance with
an earlier report of bilateral testicular impairment in
the unilateral cryptorchid males due to auto sensitisa-
tion [26]. The disparity in the findings may be due to
variations in species and experimental methods.

The results of the present study also showed
that retention of testes in the abdominal cavity
produced changes in the morphology of the Sertoli
cells in the retained testis. The sequence of changes
may be a response of the Sertoli cells to increased
temperature and absence of spermatogenic cells
interacting with Sertoli cells. Cytoplasmic vacuola-
tions of Sertoli cells has been reported in the testes
of many mammals in various conditions including
vitamin A deficiency in the rat [7] simulated high
altitude in hamster and in patients with infertility
of various aetiologies [5].
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CONCLUSIONS

In the retained testes, Sertoli cell junctional complex
showed normal histological appearance. This normal
morphology is most probably an indication that the
integrity of the junctional complexes were not com-
promised as a result of the supra-scrotal temperature
in the abdomen. Similar opinions were expressed by
Hagenas et al. [15] in experimental cryptorchid rats and
by Singh and Ezeasor [28] in naturally hemicryptorchid
goats. However, the result of the present study is at
variance with those of Aumuller et al. [3] and Turner
et al. [30], who reported some modifications in the
architecture of junctional complexes, implying break
down of blood/testis barrier. There are no obvious
explanations for this discrepancy.
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