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Summary 
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ral cryptorchid West African dwarf goats. Bulg. J. Vet. Med., 21, No. 2, 125–140. 
 
The present study compares the light and ultrastructure of germ cells between testes of normal bucks 
and the scrotal testes of unilateral cryptorchid bucks using light, electron microscopic and immuno-
histochemistry techniques. Both testes showed evidence of normal spermatogenesis characterised by 
presence of complete germ line. In the two groups studied, types A and B spermatogonia were lying 
close to the basal lamina and exhibited their respective typical morphology. The spermatocytes were 
of two main types, primary and secondary. The spermatocytes were round and distributed from the 
basal to the luminal compartments. The primary spermatocytes were in various stages of meiotic divi-
sions. Secondary spermatocytes were observed only at stage 4 of the seminiferous epithelial cycle. 
Spermatids exhibited complex morphological configuration suggestive of normal spermiogenesis. 
Evidence of spermiation, characterised by the presence of mature spermatozoa in the lumen of the 
seminiferous tubule was observed in testes of normal and scrotal testes of unilateral cryptorchid 
bucks. Eight stages of the seminiferous epithelia cycle were observed in the scrotal testes of the cryp-
torchid and testes of the normal bucks. Also, cellular composition of each stage was similar in the 
normal and scrotal testes of the cryptorchid bucks. Similar immunoreactivity expression for vimectin, 
vascular endothelial growth factor, estrogen and fibroblast growth factor respectively, were recorded 
in the two groups studied. The findings in the present study suggest the presence of morphologically 
normal germ cells and normal cell associations in the scrotal testes of naturally unilateral cryptorchid 
West African Dwarf bucks. 
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INTRODUCTION 

Cryptorchidism is a common disorder in 
man and animals (Barquwi et al., 2004; 
Tekgul et al., 2009). Germ cell develop-
ment and its modifications in cryptorchi-
dism have been a subject of many re-

searches (Barqawi et al., 2004; Hutson, 
2013). Unilateral and bilateral cryp-
torchidisms have been associated with 
impaired development of germ cells 
(Trussel & Lee, 2004). Deleterious effects 
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of cryptorchidism have been demonstrated 
in all cell stages of spermatogenesis (Goel 
et al., 2015). Previous studies reported 
retention of gonocytes and defective trans-
formation of dark spermatogonia to pri-
mary spermatocyte, defective onset of 
meiosis (Hadziselimovic et al., 2007; Co-
bellis et al., 2014), germ cell degeneration 
in both retained and scrotal testes (Liu, 
2012), congenital spermatogenic arrest 
(Sengupta, 2012) and reduction in fertility 
of the contralateral descended testis 
(Chung, 2011; Goel et al., 2015). How-
ever, other authors postulated that the 
contralateral scrotal testes are normal pro-
viding normal number of germ cells, nor-
mal distribution of dark and pale sper-
matogonia and primary spermatocytes 
(Hadziselimovic, 2008; Okpe & Ezeasor, 
2016). There are therefore contrasting 
information on the effect of unilateral 
cryptorchidism on the histology and func-
tion of germ cells in the scrotal testis of 
unilateral cryptorchids. 

The present study therefore aims at 
studying germ cells and cellular associa-
tions in the scrotal testes of the unilateral 
cryptorchid bucks and comparing them 
with those of normal goats with fully de-
scended testes to elucidate if there were 
structural and by inference functional ab-
normalities in the cells as a result of uni-
lateral cryptorchidism. 

MATERIALS AND METHODS 

Ethics statement 

The study was approved by the animal 
welfare Committee of the Faculty of Vet-
erinary Medicine, University of Nigeria, 
Nsukka. 

Experimental animals 

Twenty adult male West African Dwarf 
(WAD) goats were used for the study.  

The bucks were divided into two 
groups, Group A (10 bucks with fully 
descended testes) and Group B (10 bucks 
with unilaterally descended testis). They 
were kept in two pens at the University of 
Nigeria, Faculty of Veterinary Medicine 
demonstration farm. The animals were fed 
giant star grass, and spent maize grain. 
Water was provided ad libitum. 

With a sharp blade, under local anaes-
thesia (lidocaine hydrochloride) the testes 
were dissected out and then cut into very 
thin slices. 

Preparation of samples for light and  
electron microscopy 

Testes sampled from the bucks in each 
group were used for light and electron 
microscopy. The samples were processed 
for semi and ultrathin sections as de-
scribed below. 

Modified Karnovsky fixative com-
posed of 2% paraformaldehyde and 2.5% 
glutaraldehyde in 0.1 M phosphate buffer 
at pH 7.4 was used as primary fixative. 
The fixation was by immersion technique. 
Very thin testis samples from the bucks in 
each group were post fixed in OsO4 (os-
mium tetraoxide) in Millonig’s buffer, 
dehydrated in increasing concentrations of 
ethanol, cleared in propylene oxide and 
embedded in epoxy resin. Semi thin sec-
tions, 1 mm thick were cut using an ultra 
microtome, the sections were stained with 
toluidine blue and examined using a Leica 
microscope. Photomicrographs were cap-
tured using a moticam Image plus 5 .0 
digital camera (Motic China Group Ltd). 
Ultrathin sections, 50–90 nm thick were 
obtained using ultramicrotome. They were 
stained with Reynold’s lead citrate and 
saturated aqueous uranyl acetate. The sec-
tions were examined using a Philips CM 
10 Transmission Electron Microscope. 
Micrographs were produced using an 
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Olympus Mega View III digital camera 
(Olympus Corporation Japan) attached to 
the Transmission Electron Microscope. 

Preparation of samples for  
immunohistochemistry 

Formalin fixed, paraffin embedded testes 
tissues from normal bucks and scrotal 
testes of unilateral cryptorchid bucks were 
sectioned at 5 microns and used to inves-
tigate expression of four different pro-
teins, vimentin, vascular endothelial 
growth factor (VEGF), fibroblast growth 
factor 1 (FGF-1), and estrogen α. Antigen 

localisation was achieved using mono-
clonal or polyclonal antibodies combined 
with avidin-biotin- complex ABC (DAKO 
Diagnostica Hamburg, Germany) tech-
nique as described by Hsu et al. (1981). 

RESULTS  

Light microscopy 

The testes parenchyma of normal bucks 
and scrotal testes of the unilateral cryp-
torchid bucks are packed by seminiferous 
tubules. Each seminiferous tubule is sur-
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Fig. 1. A, B: Sections of seminiferous tubules of normal bucks (A) and scrotal testis of unilateral 
cryptorchid bucks (B) showing normal stratified epithelium at stage 1 of the cycle. Note the cap 

phase spermatids (arrow), leptotene (L) and pachytene (P) spermatocytes. C, D: Sections of semini-
ferous tubules of normal bucks (C) and scrotal testis of unilateral cryptorchid bucks (D) showing 
similar germ cell line at stage 2 of the cycle. Acrosome phase spermatids (arrows), leptotene (L), 

pachytene (P) and deplotene (D) spermatocytes. Toludine blue stain, ×200. 
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rounded by a basement membrane com-
posed of dense collagenous fibres and a 
narrow stratum of peritubular cells (Fig. 
1A, 1B). The seminiferous tubules are li-
ned by stratified germinal epithelium. The 
stratified spermatogenic cells are com-
posed of spermatogonia, spermatocytes in 
different stages of meiotic division, round 
and elongated spermatids and spermato-
zoa. The spermatogonia appeared as small 
rounded cells with round or oval nuclei 
resting on or close to the basement mem-

brane (Fig.1A, 1B). The spermatogonia 
are of two types, A and B. The nuclei of 
type A spermatogonia contained fine or 
relatively small granulated chromatin, 
while the nuclei of the type B spermato-
gonia contained centrally located nucleus 
and clumps or relatively large granules of 
densely stained chromatin, distributed 
along the nuclear membrane and the nu-
cleoli. 

The spermatocytes are located towards 
the basal part of the epithelium above the 
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Fig. 2. A, B: Sections of seminiferous tubules of normal buck (A) and scrotal testis of unilateral 
cryptorchid buck (B) at stage 3. Note the elongated spermatids (arrow), diplotene (D) and zygotene 
(Z) spermatocytes. C, D: Sections of seminiferous tubules of normal buck (C) and scrotal testis of 

unilateral cryptorchid buck (D) at stage 4. Note bundles of filliform shaped spermatids, generations 
of zygotene (Z) and diplotene (D) spermatocytes. Toludine blue stain, ×200. 
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spermatogonial cells. They appeared lar-
ger than the spermatogonia cells. Most of 
the spermatocytes are in different stages 
of meiotic division (Fig. 1C, 1D). They 
are usually arranged in one or more layers 
within the epithelium. The types of sper-
matocyte observed are the leptotene pri-
mary spermatocytes, zygotene primary 
spermatocytes, pachytene primary sper-
matocytes and diplotene primary sperma-
tocytes metaphase spermatocytes and sec-
ondary spermatocytes (Fig. 2A). Sperma-
tids occupied several layers at the adlu-
minal compartment. Some of the sperma-
tids are round with pale round nuclei with 
evenly condensed chromatin, while others 
appeared elongated. Some of the round 
spermatids had small round vesicles on 
their surface membrane, indicating the 
stage of spermiogenesis. Round sperma-
tids are the most numerous cells found in 
the seminiferous tubules of the contralate-
ral as well as the normal testes.  

The spermatozoa consisted of a lance- 
shaped head and filamentous tail. The 
heads of the spermatozoa contain an ellip-
soid nucleus with completely condensed 
chromatin which was deeply stained (Fig. 
2B). The heads of the spermatozoa were 
arranged in parallel arrays embedded in 
the apical cytoplasm of Sertoli cells, while 
their tails are directed towards the 
seminiferous tubule lumen. The seminife-
rous lumina were patent and some of the 
lumina contained clumps of spermatozoa 
depending on the stage of the seminife-
rous epithelial cycle.  

Different types of cellular associations 
were observed in the stratified seminifer-
ous epithelium in each tubular cross sec-
tion. Each type of association represented 
a stage in the seminiferous epithelial cycle 
of the West African dwarf buck. Eight 
different types of cell associations were 
observed in the scrotal testes of the unila-

teral cryptorchid bucks and the testes of 
the normal bucks. The stages were repre-
sented by the following cell associations; 

Stage 1 was characterised by a genera-
tion of apically distributed spermatids (cap 
phase), two generations of spermatocytes 
(leptotene and pachytene) and basally lo-
cated types A and B spermatogonia. The 
composition and quality of this association 
was similar in the scrotal testes of the uni-
lateral cryptorchid bucks and the testes of 
the normal bucks (Fig.1A,1B). Stage 2 
comprises acrosome phase spermatid and 
three generations of primary spermatocytes 
(leptotene, pachytene and diplotene). The 
pachytene spermatocytes were numerous 
(Fig. 1C, 1D). Stage 3 embodies more 
elongated spermatids with advanced nu-
clear condensation and two generations of 
primary spermatocytes (diplotene and zy-
gotene) (Fig. 2A. 2B). Stage 4 consisted of 
bundles of filiform shaped spermatids 
within the cytoplasm of Sertoli cells, a 
generation of secondary spermatocyte and 
two generation of primary spermatocyte 
(zygotene and diplotene). Numerous resi-
dual bodies were present (Fig. 2C, 2D).  

Stage 5 consisted of two generations of 
spermatids (cap and maturation phases) 
and two generations of spermatids (pre-
leptotene and pachytene) (Fig. 3A, 3B). 
The section of the tubule at stage 6 were 
composed of numerous residual bodies, 
two generations of spermatids (Golgi and 
maturation phases) and pachytene sperma-
tocytes characterised by a network like 
organisation of nuclear chromatin (Fig. 3C,  
3D). Stage 7 is characterised by vertical 
columns of round spermatids and elonga-
ted spermatids migrating towards the 
lumen (Fig. 4A, 4B). However, some elon-
gated spermatids are found at the centre of 
the epithelium. Pachytene spermatocytes 
were basally displaced. Stage 8 was cha-
racterised by evidence of spermiation in 
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the lumen, migration of maturation phase 
spermatids towards the apex of the 
epithelium, presence of residual body and 
inclusions in the adluminal surface. Nume-
rous round spermatids in the cap phase of 
spermiogenesis were seen arranged in 
rows. Two generations of spermatocyte 
(pre-leptotene and the pachytene primary 
spermatocytes) were among the cells that 
formed the association (Fig.4C, 4D). The 
histological features of the contralateral 
scrotal testis of the cryptorchid bucks were 

identical to those of the normal bucks. The 
cellular associations observed in the con-
tralateral scrotal testes were similar to 
those of the normal testes. 

Electron microscopy 

Germ cells were observed in the testes of 
the normal bucks and the contralateral 
scrotal testes of the cryptorchid bucks. 
The germ cells were present in four mor-
phologically different forms; spermatogo-
nia, spermatocytes, spermatids and sper-
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Fig. 3. A, B: Sections of seminiferous tubules of normal buck (A) and scrotal testis of unilateral 

cryptorchid buck (B) at stage 5. Note a cap phase (arrow), and maturation phase (arrowhead) sper-
matids, pre-leptotene (PL) and pachytene (P) spermatocytes. C, D: Sections of seminiferous tubules 
of normal buck (C) and scrotal testis of unilateral cryptorchid buck (D) at stage 6. Note numerous 

residual bodies (R), Golgi phase (arrowhead) and maturation phase (arrow) spermatids.  
Toludine blue stain, ×200. 
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matozoa (Fig. 5A, 5B). Spermatogonia 
were usually located on the basal compart-
ment while the spermatocytes and the 
spermatids were located above the sper-
matogonia layer in the luminal compart-
ment. 

The morphology of the spermatogonia 
A and B and other germ cells was similar 
in the normal and scrotal testes of the uni-
lateral cryptorchid bucks (Figs. 5C, 5D). 
The morphology of these spermatogonia 
cells was typical. Type A-spermato-
gonium was observed to have an extensive 
contact area with the basal lamina. The 

nucleus was very large, round or elon-
gated having the long axis located parallel 
to the basal lamina. The nucleoplasm was 
homogeneous and highly euchromatic. 
The cell contained one reticulated central 
or eccentric nucleolus. Golgi apparatus 
was inapparent while few profiles of 
rough endoplasmic reticulum were found. 
Type B spermatogonium established less 
contact area with the basal lamina in com-
parison with type A (Fig. 5D). The nu-
cleus was round. Densely stained chroma-
tin masses were attached to the nuclear 
membrane and also to the nucleolus. Nu-
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Fig. 4. A, B: Sections of seminiferous tubules of normal buck (A) and scrotal testis of unilateral 

cryptorchid buck (B) at stage 7 showing elongated spermatids at the centre of the epithelium.  
C, D: Sections of seminiferous tubules of normal buck (C) and scrotal testis of unilateral cryptorchid 

buck (D) at stage 8. Released spermatozoa at the lumen (L), residual bodies (R) and rows of  
spermatids (SP). Toludine blue stain ×200. 
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merous mitochondria were randomly dis-
tributed in the cytoplasm. 

Leptotene primary spermatocyte was 
located close to the basal lamina but in 
most cases do not make direct contact 
with the basal lamina (Fig. 5E, 5D). The 
nuclear chromatin were condensed and 
surrounded by prominent nuclear mem-
brane. Polysomes and free ribosomes 
were numerous and randomly distributed 
in the cytoplasm. The mitochondria were 
round or ovoid in shape and distributed 

singly or in clusters. Zygotene spermato-
cytes, compared to the leptotene ones, 
with larger nucleus and cytoplasm were 
observed. Condensed chromatins were ap-
parent. Synaptonemal complexes were seen 
between homologous chromosomes. The 
mitochondria were arranged in groups, 
connected by dense intermitochondrial 
substances. Profiles of rough endoplasmic 
reticulum were scanty in the cytoplasm. 

Pachytene primary spermatocyte was 
larger than the zygotene spermatocyte and 
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Fig. 5. Electron micrographs of sections of seminiferous tubules from normal buck (A) and scrotal 
testis of unilateral cryptorchid buck (B) showing normal germ lines. Note spermatogonia (S), sperma-
tocytes (SP), and spermatids (T); C: Spermatogonium type A, showing euchromatic nucleus (N) and 

nucleolus (NE); D: Spermatogonium type B from the scrotal testes of a cryptorchid buck – round 
nucleus (N) and centrally located nucleolus (NE), ×19000. 
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contained prominent nucleus (Fig. 5E, 
5F). The nuclear chromosomes were more 
condensed in comparison to the previous 
stages. The synaptonemal complexes were 
very prominent. In some pachytene sper-
matocyte profiles, small clumps of hetero-
chromatin were found under the inner 
nuclear membrane. The nucleolus was 
reticulated and eccentrically located. In 
the cytoplasm, the mitochondria were ar-
ranged in clusters, held together by inter-
mitochondrial complexes. The agranular 
and the granular endoplasmic reticula 
were distributed peripherally. 

Diplotene primary spermatocyte was 
characterised by deeply stained chromatin 
clumps. The diplotene spermatocyte was 
larger than the pachytene spermatocytes. 
The chromosomes lack synaptonemal 
complexes. Most of the mitochondria we-
re no more in clusters. 

Secondary spermatocyte was round, 
smaller than the diplotene spermatocyte 
but bigger than the round spermatids (Fig. 
5G). Chromatin was uniformly distributed 

in the nucleus; however, clumps of dense 
heterochromatin were seen under the nu-
clear envelope. The mitochondria were 
randomly distributed in the cytoplasm. 

Golgi phase spermatid was round, with 
round nucleus containing homogenously 
distributed chromatin (Fig. 5H). Accumu-
lated acrosome vesicles from Golgi appa-
ratus were seen on one pole of the nu-
cleus. These vesicles later coalesced, ad-
hered to the nucleus forming an electron 
dense granule, the acrosome. Cap phase 
spermatid was round with a round nucleus 
containing uniformly distributed chroma-
tins. The acrosome was flattened on the 
surface of the nucleus, giving rise to 
membrane like structure, the head cap. In 
acrosome phase spermatids, the head cap 
covered half of the nuclear surface. The 
acrosome granules were more electron 
dense compared to the preceding phase. 
Centrioles were found close to the nucleus 
at the pole opposite the acrosomal gran-
ules. At later stages the nucleus was elon-
gated and flattened, the chromatins were 
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Fig. 5. Electron micrographs of seminiferous tubules from normal (E) and scrotal testis of  
unilateral cryptorchid buck (F). Different stages of spermatocytes: leptotene (L), pachytene (P)  

and zygotene (Z) spermatocytes, ×19000. 

 



Cytology of germ cells in the scrotal testes of naturally unilateral cryptorchid West African dwarf goats 

BJVM, 21, No 2 134 

more condensed. The acrosome became 
more projected and the content was more 
electron-dense. A zone of low electron 

density was observed between the chro-
matin and the nuclear envelope. This zone 
appeared to be composed of redundant 
nuclear envelope. Microtubules were ar-
ranged as broom sticks and appeared to 
have originated close to the nuclear rings. 
Maturation phase spermatid, the redun-
dant nuclear envelopes form small pocket 
like spaces and the microtubules become 
inconspicuous. At maturation phase 
proper (Fig. 5I), the projections of the 
acrosome and the redundant nuclear enve-
lope were not conspicuous. The nucleus 
was completely flattened, spermatids that 
were in contact with Sertoli cell, had their 
surfaces covered by cisterns of smooth 
endoplasmic reticulum (ectoplasmic spe-
cialization). Later in this phase, the differ-
ent components of the spermatozoon dif-
ferentiated into the head and tail, neck, 
middle piece, principal piece and end 
piece. 

Immunohistochemistry 

Vimectin filaments were immunolocalised 
to the cytoplasm of Sertoli cells, Leydig 
cells and peritubular myoid cells in the 
normal testes and scrotal testes of the uni-
lateral cryptorchid bucks. Sertoli cells 
showed vimentin positive extensions pro-
jecting towards the developing spermatid 
bundles. The intensity and pattern of 
vimentin filament staining was more 
marked in the scrotal testes of the unila-
teral cryptorchid than those of the normal 
bucks (Fig. 6A, 6B). 

Limited expression of VEGF was ob-
served in the cells of the normal testes and 
those of the contralateral scrotal testes of 
the hemicryptorchid bucks (Fig. 6C, 6D). 
Similar VEGF immunostaining expression 
was markedly expressed in the interstitium 
in both groups of bucks usually associated 
with Leydig cells and vascular endothelial 
cells. Immunoreactivity expression was 
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Fig. 5. Electron micrograph of secondary 
spermatocyte from the scrotal testis of a cryp-
torchid buck. G: Euchromatic nucleus (N) and 
randomly distributed mitochondria (arrow); 
H: Spermatids at different stages of spermio-
genesis  note the cap phase (C), and the acro-
some phase (A); I: Maturation phase sper-
matid: flattened nucleus (N) and ectoplasmic 
specialisations (EC); ×19000. 
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weakly present in the cytoplasm of Sertoli 
cells and spermatogenic cells.  

Immuno-labelling for estrogen α re-
ceptors was markedly expressed in Leydig 
cells and vascular endothelial cells, 
vaguely expressed in the germ cells. The 
intensity of the expressions was higher in 
the scrotal testes of the cryptorchids com-
pared to the testes of the normal bucks 
(Fig. 6E, 6F). 

Moderate FGF-1 immunostaining was 
observed in the cytoplasm of germ cells. 
Marked immunostaining of FGF was ob-
served in the cytoplasm of Leydig cells, 
and the entire interstitium, more pro-
nounced in the endothelium of blood ves-
sels. The staining intensity of FGF was 
similar in the testes of normal bucks and 

the contralateral scrotal testes of the uni-
lateral cryptorchid bucks (Fig. 6G, 6H). 

DISCUSSION 

Histological examinations showed that the 
cross sections of seminiferous tubules of 
the contralateral scrotal testes were not 
different from those of the testes of the 
normal bucks. They all manifested evi-
dence of active spermatogenic activity.  

The testicular tissue is composed of 
convoluted seminiferous tubules, intersti-
tial compartment, and excurrent duct sys-
tem. Caprine seminiferous tubules are 
shown to occupy most of the testicular 
parenchyma. The seminiferous tubules are 
surrounded by a distinct boundary tissue 
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Fig. 6. A, B. Cross section of seminiferous tubules from normal testes (A) and scrotal testes of a 
cryptorchid buck (B). vimentin expression in Sertoli cell (S), Leydig cell (L). Immunohistochemistry 
vimentin ×400; C, D. Cross section of the seminiferous tubules from normal testes (G) and scrotal 

testes of a cryptorchid (H). Marked VEGF expression in Leydig cells and the entire interstitium (IT). 
Immunohistochemistry VEGF ×400. 
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and lined by stratified epithelium com-
posed of non-dividing Sertoli cells and 
highly proliferating spermatogenic cells. 
These findings agree with the previous 
studies in other breeds of goat (Sarma & 
Devi, 2012). Caprine germ cells in the 
seminiferous tubules of the contralateral 
scrotal testes and the descended testes of 
the normal bucks are present in four mor-
phologically different groups: spermato-
gonia, spermatocytes, spermatids, and 
spermatozoa.  

Spermatogonia are located in the basal 
compartment while the spermatocytes and 
young spermatids are found in the mid 
and luminal portions of the tubule respec-
tively. In the present investigation, only 
the type A and B spermatogonia were 

identified. The identification was based on 
size of the cell, nuclear shape, and contact 
area with the basal lamina. The histologi-
cal features of these spermatogonia are in 
consonance with the description in other 
breeds of goat as well as other ruminants 
(Mohammed et al., 2011). This finding 
suggests that retention of one testis in the 
abdominal cavity does not affect the his-
tology of the germ cells in the contrala-
teral descended testes in unilateral cryp-
torchidism. The normal histology of the 
spermatogonia is an indication that adult 
sperm cell pool is properly established. 
This further suggests adequate maturation 
of hypothalamic-pituitary-testicular axis. 
The spermatogonium histology as re-
ported in the present study is different 
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Fig. 6. E, F: Cross section of seminiferous tubules from normal testes (E) and scrotal testes of a 
cryptorchid buck (F). Estrogen expression in Leydig cells (L) and mild expressions in the germ cells 

(G). Immunohistochemistry estrogen ×400; G, H: Cross section of the seminiferous tubules from 
normal testes (G) and scrotal testes of a cryptorchid (H). Marked expression of FGF in the cytoplasm of 

Leydig cells (L) and moderate expressions in the germ cells (G). Immunohistochemistry FGF ×400. 
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from the observations of Akre et al. 
(2009) and Goel et al. (2015) who re-
ported lack of transformation of gonocytes 
to A spermatogonium in the contralateral 
scrotal testes of unilateral cryptorchids. 
Spermatocytes in various stages of mei-
otic divisions were observed in the scrotal 
testes of the unilateral cryptorchids as well 
as the testes of normal bucks. This finding 
most probably indicate normal germ cell 
population in the scrotal testes of unilat-
eral cryptorchid bucks. This finding fur-
ther corroborates our earlier report of ex-
istence of similarity in germ cell popula-
tion between the scrotal testes of unilat-
eral cryptorchid bucks and those of the 
normal bucks (Okpe & Ezeasor, 2016). 
However, Huff et al. (2001) reported 
failed onset of meiosis and appearance of 
primary spermatocytes in the contralateral 
descended testes of unilateral cryptorchid 
patients. Though the disparity in the find-
ings could be due to dimorphism in hu-
man cryptorchidism, we suggest further 
investigation. Round spermatids are lo-
cated in the adluminal part of the seminif-
erous epithelium and undergo a complex 
series of cellular transformation (spermio-
genesis). The round spermatids are mono-
nucleated, a demonstration of normal 
meiotic cytokinesis in the seminiferous 
tubules of the scrotal testes of unilateral 
cryptorchid bucks. Binucleated spermatids 
was reported as representing failed mei-
otic cytokinesis (O’Donnell et al., 2011). 
The acrosomes were properly developed 
in spermatids of the normal testes and the 
contralateral scrotal testes of the unilateral 
cryptorchid bucks, suggesting proper 
spermatid Golgi apparatus vesicle –
mediated trafficking or microtubular dy-
namics. 

Spermiogenesis takes place via four 
defined phases: Golgi, cap, acrosomal, 
and maturation phases. The main mor-

phologic changes during spermiogenesis 
are formation of the acrosome, condensa-
tion of the nuclear chromatin, outgrowth 
of a tail, and loss of excess cytoplasm. 
These findings are supported by reports of 
previous studies on caprine testes (Junior 
et al., 2012). Similar observations were 
reported in bovine testis (Wrobel, 1998). 
Spermiation, characterised by mature 
elongated spermatids lined along luminal 
edge and the tubular lumen were observed 
in both groups of goats. This finding is an 
evidence of normal spermiation sugges-
tive of effective dissolution of an integrin- 
based focal adhesion like junction be-
tween Sertoli cells and spermatids as de-
scribed by Beardsley et al. (2006). 

In the present study, eight stages of the 
seminiferous cycle were observed. The 
staging was based on morphological 
changes of germ cell nuclei as described 
by Ortavant (1958). This finding is similar 
to what has been reported in other breeds 
of goats (Onyango et al., 2000) boars 
(Bearden et al., 2004), rams (Guraya, 
2000) and donkeys (Chiarini-Garcia, 
2009). The present light and ultrastructural 
descriptions of the contralateral scrotal 
testes and the descended testes of the 
normal bucks is in consonance with the 
reports of previous investigations on the 
testicular morphology of the goat (Singh & 
Ezeasor, 1989; Onyango et al., 2000). 

The expressions of the cytoskeletal 
filaments vimentin have been established 
as markers for cell differentiation (Lydka 
et al., 2011). The normal testes and the 
scrotal testis of the cryptorchid bucks 
showed positive immunolabelling for 
vimentin. Sertoli cell vimentin positivity 
is a demonstration that the Sertoli cells are 
matured (Veronesi et al., 2009). By infer-
ence, the Sertoli cells of the normal testes 
and those of the scrotal testis of the cryp-
torchid bucks as observed in the present 
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study are matured. The expression of 
vimentin and the immunohistochemical 
labelling of the vessels corresponds with 
the findings described in the normal ma-
ture testes in horses (Maekawa et al., 
1996). However, this appears to be the first 
investigation in caprine cryptorchidism. 

VEGF immunoreactivities were abun-
dantly distributed in the gonads of normal 
testis and scrotal testes of unilateral uni-
lateral cryptorchids, mainly associated 
with Sertoli cells，Leydig cells and sper-

matogenic cells，and weakly present 
throughout the vascular endothelial cells. 
Similar expression of VEGF immunoreac-
tivity has been reported in Yak unilateral 
cryptorchidism (Chen et al., 2015) 

Identification of the sites of expression 
of estrogen is vital, as estrogen has been 
demonstrated to fascilitate spermatogene-
sis and other testicular functions (Nan-
jappa et al., 2016). A slight difference in 
the staining intensity was observed be-
tween Leydig cells from the testes of nor-
mal bucks and those of the scrotal testes 
of the cryptorchid bucks. Those of the 
cryptorchid bucks expressed stronger stai-
ning than those of the normal bucks. 
These findings demonstrate that estrogen 
receptors are present in the testes of goats 
and the stronger staining of Leydig cells 
in the scrotal testes of unilateral cryp-
torchid bucks is most probably an indica-
tion of improved testosterone metabolism 
as estrogen receptor has been demon-
strated as a major regulator of  17B estra-
diol effects on reproduction (Nanjappa et 
al., 2016). This may provide an explana-
tion for the normal histology of germ cells 
in the scrotal testes of cryptorchid bucks 
as reported in the present study. The loca-
lisation of estrogen receptors are species- 
specific and have been demonstrated in 
mice and Vole banks (Bilinska et al., 
2003; Makinen et al., 2001). 

In the testis, FGFs are involved in tes-
ticular angiogenesis, germ cell prolifera-
tion, initiation of spermatogenesis, and 
Leydig cell steroidogenesis (Wagener et 
al., 2003; Wahlgern, 2003). Immunohis-
tochemically, FGF-1 protein was localised 
in the cytoplasm of spermatogonia, and 
spermatids, Sertoli and Leydig cells in 
both the normal bucks and the scrotal tes-
tes of the cryptorchid bucks. Similar data 
have also been reported in other mammals 
(Wahlgren, 2003; Schön & Blottner, 
2004). Uniformity in FBFs expression in 
both studied groups is suggestive of simi-
larity in structure and function of testes 
parenchyma and stroma. This is a further 
proof of absence of bilateral testicular 
pathology in unilateral cryptorchidism as 
Mahmoud et al. (2015) demonstrated that 
absence of estrogen receptor expression is 
an evidence of impaired fertility. 

In conclusion, the histological and 
immunohistochemical examination failed 
to find signs of defective development or 
morphologic abnormalities in the germ 
cells of the scrotal testis of unilateral cryp-
torchid West African Dwarf bucks. Nor-
mal germ line were observed in the semi-
niferous epithelium and immunochemical 
study demonstrated matured Sertoli cells. 
We therefore recommend that castration 
of scrotal testes in naturally unilateral 
caprine cryptorchidism may not be a ne-
cessity as the contralateral scrotal testes is 
structurally and functionally normal. 
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