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Abstract: The testis is a double gland comprised of the sperm-producing seminiferous tubules and a complex endocrine 
interstice. The former structures generate and release whole cells (exocrine aspect of the gland) while the latter 
synthesize and release androgens and related hormones. The testis also has poorly understood paracrine connexions. 
These connexions play an important role during spermatogenesis. A key molecule within these structures is β-actin. 
Therefore, the present study aims at examining the expression pattern of β-actin during the various stages of the 
spermatic cycle in the rat. To achieve this goal, we used a combination of trans-illumination assisted microdissection 
of seminiferous tubules, confocal immunofluorescence and Western blot analysis. Our experiments revealed that the 
levels of β-actin fluctuate significantly during spermatogenesis, peaking immediately after spermiation. 
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Earlier studies established the morphological and functional 
bases of the seminiferous epithelium, the sustentacular Sertoli 
cell and the Sertoli-Sertoli gap junctions that, alongside with 
the β-actin cytoskeleton, make up the hemato-testicular 
barrier (see e.g. Dym and Cavicchia, 1977; Russell et al., 
1989a). Russell demonstrated the determinant role of β-actin 
and other cytoskeleton components in the shaping, migration 
and release of the spermatid towards the excretory pathway 
(Russell et al., 1989b). Others have also highlighted the 
importance of β- and F-actin during spermatogenesis (Kumar 
et al., 2016; Tang et al., 2016; Li et al., 2017). One essential 
feature of the seminiferous tubule is its intimate coordination 
with the interstice: each functional cycle involves drastic 
morpho-functional changes in their interplay (Losinno et 
al., 2012). However, a detailed examination of the β-actin 
levels and expression pattern at various stages throughout the 
seminiferous tubule was lacking.

In order to shed some light on this important question, 
we used the trans-illumination assisted microdissection 
method described by Parvinen (1993). This technique allowed 
us to identify different functional segments by recognizing 
specific morphological features of the seminiferous 
epithelium that can be seen using a stereomicroscope. We 
classed the seminiferous tubule into 5 main segments (in 
parenthesis, Parvinen´s equivalent staging): I (Stage I), II 
(Stages II to VI), III (Stages VII and VIII), IV (Stages IX to 
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XII) and V (Stages XIII and XIV). Although our classification 
is arbitrary each segment represents separate, main events, 
during spermatogenesis (Parvinen and Vanha-Pertula, 
1972). The present study combines double-fluorescence 
immunohistochemistry, confocal microscopy and western 
blot analysis to examine the changes in the levels and 
pattern of expression of β-actin at various stages during 
the spermatogenic cycle. Segments of seminiferous tubules 
classed as mentioned above were harvested from 6 male 
adult Wistar rats (250-300 g body mass). Half the tissue 
was fixed for 1 h in Zamboni’s fixative and then embedded 
in paraffin following standard procedures (Acosta et al., 
2014). Tissue was cut in serial sections of 5 µm and double 
immunofluorescence against β-actin (1:200, AC-15, Santa 
Cruz Biotechnology, sc-69879, RRID: AB_1119529) and 
DAPI was performed (Haskins et al., 2017). Images were 
captured in an Olympus FV-1000 confocal microscope. 
The other half of the tissue was immediately submerged in 
Laemmli´s protein extraction buffer supplemented with 
a proteinase and phosphatase inhibitor cocktail (Halt, 
Thermofisher). Western blotting was carried out using 
PVDF membranes and denaturing conditions as previously 
published (Acosta et al., 2014). Quantitation was performed 
using ImageJ as described elsewhere (Benitez et al., 2017).

Fig. 1 shows that β-actin levels (in green) increase 
from segments I through IV, leveling down at segment V. 
Its distribution also changes: from being diffuse at segments 
I and II to be located in close proximity to the tubule´s 
lumen at segments III and IV, albeit the latter also exhibits a 
substantial increment in the absolute level of the protein. This This paper belongs to the 60th Anniversary Collection of the Instituto de 
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pattern in segment IV indicates abundance of intercellular 
junctions between spermatids close to spermiation. Scale bar 
represents 100 µm. 

FIGURE 1. Representative confocal images of transverse sections 
of seminiferous tubules immunostained against β-actin (in green) 
and DAPI (in blue). Roman numbering indicates the five segments 
used in this study (see main text for details). Merged images depict 
the successive waves of changes in the expression of β-actin during 
spermatogenesis, which peaks at stage IV. Scale bar: 100 µm.

FIGURE 2. (A) Western blots of β-actin (top) and protein loading 
control (α-tubulin, bottom) corresponding to segments I through 
V. Molecular weight markers relative positions are indicated to the 
right of the membranes. (B) Plot showing mean (±SEM) β-actin 
to α-tubulin ratios from 6 male rats. Asterisks show statistically 
significant differences with segment IV. * P<0.05, ** P<0.01, *** 
P<0.001; Kruskal-Wallis test. 

Fig. 2 shows a representative western blot (A) and 
quantitation (B). The plot shows the mean ratio (±SEM, n=6) 
of β-actin to α-tubulin. 20 µg of total protein were seeded 
in each lane. Kruskal-Wallis analysis of the data shows 
statistically significant changes of each segment compared 
to segment IV (* P<0.05, ** P<0.01 and *** P<0.001). Our 
results demonstrate that β-actin levels and distribution 
changes throughout spermiation. It is also noticeable that its 
expression peaks immediately after spermiation. 

Cell to cell junctions play a key role in the development 
and formation of the hemato-testicular barrier, which is 
essential for the full sperm differentiation. Importantly, 
abnormal expression levels of cytoskeleton proteins (including 
actin) had been linked to human male infertility (Salvolini 
et al., 2013). Hence, a better and deeper understanding of 
the dynamic of β-actin within these junctions is essential to 
plan new therapeutic strategies that could be useful to treat 
pathologies associated with poor or null fertility.
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