
Summary. The preparation of paraffin sections is an 
important experimental technique in animal histological 
research, and key factors that determine the quality of a 
section include the dehydration time, waxing time, and 
drying temperature of the paraffin section. Paraffin 
sections obtained from testis tissue of adult horses 
exhibited higher quality with clear tissue structure and 
complete cell morphology after they underwent gradient 
dehydration for 6 hours, were immersed in wax for 60 
minutes, and were dried in a 75-degree oven for 15 
minutes. The detailed, optimized procedures that are 
developed in the current study may simplify histological 
experiments and research on equine testes. 
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Introduction 
 
      Before the age of two years, stallions are within the 
prepubertal stage, which is devoid of spermatogenesis 
(Ing et al., 2004). When stallions reach puberty, Sertoli 
and Leydig cells mature and begin to support 
spermatogenesis (Xiao et al., 2014). Meanwhile, the 
average length and volume of the equine testis increase 
from 4.83 cm and 182.41 cm3, respectively, to 5.65 cm 
and 264.49 cm3 (Silva et al., 2021). Until now, studies 
on the development and functional aspects of equine 
testes have been scarce. Mature Sertoli cells form the 
blood-testis barrier in the seminiferous tubules to 
facilitate the process of spermatogenesis, which 

transports preleptotene spermatocytes from the basal 
compartment to the apical compartment; then, after 
reaching this compartment, the preleptotene 
spermatocytes become round spermatids and spermatids 
(Li and Cheng, 2016). Leydig cells are found in clusters 
between the seminiferous tubules (Wen et al., 2018). 
Leydig cells produce androgens and testosterone, which 
support the function of Sertoli and germ cells through 
steroidogenesis (Mok et al., 2013; Trost et al., 2023). By 
studying the stallion's testicular histology and anatomy, 
we can gain a better understanding of the 
spermatogenesis process and related diseases such as 
orchitis and testicular tumors (Pérez et al., 2015; Yang et 
al., 2022). Equine species are exposed to various 
diseases requiring frequent and regular examination 
(Snider, 2015). Viruses are the most dangerous diseases 
that infect equines, such as equine herpesvirus-1 and 
equine arteritis virus, and cause various drawbacks such 
as abortion in females and persistent infection in 
stallions (Mahmoud et al., 2022). Before histological or 
anatomical experiments are performed, most animal 
cells and tissues are colorless and transparent, and 
undergo apoptosis shortly after leaving the body; 
therefore, maintaining the original shape and structure in 
vitro is difficult (Bergmann and Steller, 2010; Mao, 
2013). The most important way to preserve the tissue’s 
morphological and histological characteristics is by 
performing efficient and rapid preparation of paraffin 
sections and subsequent staining (Rathi et al., 2006; Li et 
al., 2020). Today, paraffin sectioning, which includes 
fixation, dehydration, embedding, sectioning, and drying 
(Sy and Ang, 2019; Sadeghipour and Babaheidarian, 
2019), is used to observe and evaluate the morphological 
and structural changes of tissues and cells; in addition, 
the technique is a major approach used in many 
pathological studies (Wick, 2019; Amin et al., 2020, 
2023; Toghan et al., 2022; Ali et al., 2024). 
      During our preliminary studies, we found that 
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creating high-quality sections of equine testis using the 
conditions described for mice was generally difficult 
because the testis volume and tissue water content of 
horses are greater than those of mice. These issues have 
always limited histological research in equine testicular 
tissue. Both Rode et al. (2015) and Almeida et al. (2013) 
reported the sectioning technique to examine the 
morphology of horse testicular tissue, however, because 
the description is fairly coarse, the technique cannot be 
used to guide practice. Therefore, in the present study, 
nine different paraffin conditions were compared after 
fresh samples were fixed, and the optimal dehydration 
time, waxing time, and drying temperature for the 
paraffin section of horse testis were confirmed.  Our 
optimized paraffin sectioning processes for equine testis 
provide a ready-to-use reference for application in the 
histochemical analysis of equine testis. 
 
Materials and methods 
 
Sampling and fixation  
 
      All animal experiments were conducted following 
the regulations of the ethics committee of the Inner 
Mongolia Agricultural University. Horse testes from the 
three four-year-old adult Mongolian horses used in this 
study were obtained from a slaughterhouse in Hohhot, 
Inner Mongolia, China. The excised testes were 
immediately brought to the laboratory after being 
dissected and washed in saline solution. In the sterile 
laboratory environment, the testes were incised along the 
longitudinal axis and cut into small pieces of 1 cm×1 
cm× 0.5 cm. They were then fixed for 24 hours in 
Bouin's solution (saturated picric acid, formalin, and 
glacial acetic acid at 15:5:1 proportions) because our 
previous research (Asgenbaatar et al., 2020) demon-

strated that Bouin's solution is a better fixative for horse 
testicular tissue than 4% PFA. 
 
Dehydration and infiltration  
 
      The following groups of dehydration times were 
compared: 3h, 6h, and 12h (Table 1). The dehydrated 
testicles were then placed in a 50 mL centrifuge tube and 
infiltrated with xylene twice for 15 minutes each.  
 
Waxing and embedding  
 
      After dehydration, equine testicular tissue was 
immersed in wax using three different procedures (Table 
2). The sample was then placed in paraffin wax for 20 
minutes in a 75°C oven. After 2 hours of solidification at 
room temperature (RT), the testicles were sliced. 
 
Microtomy  
 
      The embedded tissue wax block was shaped into a 
cube and then sliced by a rotary microtome (Leica 
RM2245) with a thickness of 6 μm. Floating the tissue 
section in a 42°C warm water bath will remove wrinkles 
and make placement on the glass slide easier. 
 
Drying and sealing  
 
      The following drying temperatures were compared 
for 15 minutes: room temperature, 55°C in a constant 
temperature oven, and 75°C in a constant temperature 
oven. The final slice was stored in a 4°C refrigerator. 
 
Hematoxylin and eosin (HE) staining  
 
      Paraffin wax must be removed before tissue 
staining; thus, deparaffinization was the first step in HE 
staining. The slides were immersed in xylene twice for 5 
minutes each time. The samples were rehydrated by 
immersing them in ethanol at various concentrations. A 
5-minute immersion in 100% ethanol was first 
performed, followed by 10-minute immersions in 95% 
ethanol, 85% ethanol, 75% ethanol, and distilled water 
to wash the xylene. The samples were then stained by 
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Table 1. Dehydration procedure.  
 
     Group                 Total (h)                     Step  
 
         1                           3                           75% ethanol 30 min 
                                                                  75% ethanol 30 min 
                                                                  80% ethanol 30 min 
                                                                  85% ethanol 30 min 
                                                                  95% ethanol 30 mi 
                                                                  anhydrous ethanol 30 min 

         2                           6                           75% ethanol 30 min 
                                                                  75% ethanol 1.5h 
                                                                  80% ethanol 1h 
                                                                  85% ethanol 1h 
                                                                  95% ethanol 1h 
                                                                  anhydrous ethanol 1h 

         3                          12                          75% ethanol 1h 
                                                                  75% ethanol 3h 
                                                                  80% ethanol 2h 
                                                                  85% ethanol 2h 
                                                                  95% ethanol 2h 
                                                                  anhydrous ethanol 2h

Table 2. Paraffin processing schedules for waxing. 
 
  Group           Total (min)            regent  
 
      1                     30                  30% paraffin wax+70% xylene 10 min 
                                                   50% paraffin+50% xylene 10 min 
                                                   70% paraffin wax+30% xylene 10 min  

      2                     60                  30% paraffin+70% xylene 20 min 
                                                   50% paraffin+50% xylene 20 min 
                                                   70% paraffin+30% xylene 20 min 

      3                    120                 30% paraffin+70% xylene 40 min 
                                                   50% paraffin+50% xylene 40 min 
                                                   70% paraffin+30% xylene 40 min



immersing them in a cuvette that contained hematoxylin 
for 6 minutes and then carefully washing them with tap 
water for 10 minutes to remove the excess hematoxylin. 
Then, the samples were soaked in a differentiating 
solvent for 1 minute before washing with distilled water 
for 15 minutes. To stain the remaining cellular 
structures, the slides were soaked in eosin for 3-5 
minutes before being quickly washed for 5 minutes to 
prevent overstaining. Finally, the samples were 
dehydrated using different ethanol concentrations, 95% 
ethanol twice for 1 minute each and then 100% ethanol 
twice for 1 minute each, before being transferred to a 
cuvette containing xylene twice for 1 minute each time. 
 
Microscope observation 
 
      Images were obtained using an inverted microscope 
(Zeiss Axio Observer D1) with a ZEO Pro software 
system. 

Results 
 
The 6h dehydration method is more effective than the 3h 
and 12h dehydration methods 
 
      Three groups of horse testis dehydration times were 
compared in parallel after the samples were adequately 
fixed in Bouin’s solution at RT for 24h, 3h, 6h, and 12h. 
The dehydration time significantly affects the 
dehydration effect. The results showed that the testis 
tissue blocks embedded in paraffin could not be cut 
together with paraffin because they were not sufficiently 
dehydrated after 3 hours. The tissue was too soft and had 
many wrinkles due to the high residual moisture content 
(Fig. 1 A,D). After dehydration for 6h, the wax strips 
and tissue were intact without loss and wrinkles, being 
suitable for subsequent HE staining experiments (Fig. 1 
B,E). After dehydration for 12h, the tissue could easily 
be minced during the sectioning process, so the sections 
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Fig. 1. The effect of different dehydration conditions on slicing. A. The waxed tissue was too soft and had many wrinkles on the surface after 3h of 
dehydration. B. The surface of the waxed tissue was smooth after 6h of dehydration. C. The tissue dries and cracks in the wax block after 12 hours of 
dehydration. D. The wax strip after dehydration for 3 hours. E. The wax strip after dehydration for 6 hours. F. The wax strip after dehydration for 12 
hours.



and paraffin could not be completely cut together. At this 
point, excessive dehydration was observed (Fig. 1C,F). 
Therefore, this group of comparative experiments 
indicates that the optimal total dehydration time for 
paraffin sections of horse testis tissue is 6 hours. 
 
The 60 min waxing procedure is more effective than the 
30 min and 120 min waxing procedures 
 
      The next step was to wax the successfully 
dehydrated tissue. After 30 min of waxing, the tissue 
was too soft and did not fit closely to the paraffin, so the 
tissue could not be sectioned together with the paraffin 
(Fig. 2A,D). After 60 min, the wax block and the tissue 
were closely attached, and no air bubbles were observed 
in the middle. The resulting wax strips and tissue were 
intact and free of loss and wrinkles (Fig. 2B,E). After 
120 minutes, the tissue became hard and the color turned 
black, as shown in the fragmentation of the slices (Fig. 
2C,F). Therefore, the optimal time for waxing the 

paraffin section of horse testis tissue is 60 min. 
 
Drying at 75°C for 15 min yields the best HE staining 
results 
 
      The temperature of the drying pronounced affects 
the postproduction of slices. However, the optimal 
drying temperature could not be determined from the 
appearance of slices and by observing the morphology of 
sliced tissue by HE staining. After the samples were 
dried at RT, the Leydig cells and vascular cells between 
the seminiferous tubules fell off, and the germ cells 
within the seminiferous tubules were present but 
incomplete (Fig. 3. A,D). After the samples were dried 
at 55°C, most of the Leydig cells and vascular cells were 
invisible, leaving only a small portion. The germ cells 
and Sertoli cells were also incomplete. The effect of 
overall morphological and HE staining was better than 
those of the sections dried at RT, however, the cellular 
structure of the horse testis was still unclear (Fig. 3. 
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Fig. 2. The effect of different waxing conditions on slicing. A. After 30 minutes of waxing, the block was soft and unevenly colored. B. After 60 minutes 
of waxing, the block was hard enough, and its color was bright and even. C. After 120 minutes of waxing, the tissue became stiff and turned black. D. 
After 30 minutes of waxing, testicular tissue could not be sliced into intact wax strips. E. After 60 minutes of waxing, intact wax strips could be obtained. 
F. After 120 minutes of waxing, testicular tissue could not be sliced into intact wax strips.



B,E). After the samples were dried at 75°C, complete 
tissue structure and no damage to any cells were 
observed, which is the best HE staining effect of the 
paraffin section of horse testis (Fig. 3C,F). Therefore, 
the optimum temperature for drying the paraffin sections 
of horse testis tissue is 75°C. 
 
Discussion 
 
      At present, the conventional method for creating 
paraffin sections of testicular tissues of model animals 
such as mice and rats is fixation for 24-48h followed by 
dehydration in a graded series of ethanol (50, 70, 80, 90, 
96, and 100%) for 1h each and incubation in liquid 
paraffin wax at 56-59°C for 24h (Xiao et al., 2017; 
Bilinska et al., 2018). Our preliminary study demon-
strated that this procedure is not applicable in equine 
testes. Among the steps, dehydration, infiltration, and 
drying are crucial in forming paraffin sections of animal 
tissues (Ramos-Vara, 2017). Therefore, first, in our 
study, three different dehydration times (3h, 6h, and 12h) 
were compared in parallel on equine testis tissue after 
adequate fixation in Bouin’s solution at RT for 24 hours. 
Our results showed that dehydration time plays an 
important role in paraffin sectioning. With the 3h 

dehydration strategy, the testis tissue block embedded in 
paraffin could not be sliced into flat and complete wax 
strips after they were waxed for 20 min at 75°C and 
embedded, mostly because the tissue was too soft and 
contained numerous wrinkles due to a high level of 
residual moisture (Fig. 1A,D). After 12 hours of 
dehydration, the tissue became brittle and cracked when 
sliced (Fig. 1C,F). High-quality wax strips without 
cracks and wrinkles were only obtained after the 6h 
dehydration strategy, and these samples were suitable for 
subsequent HE staining experiments (Fig. 1B,E).  
      Dehydration aims to replace the residual fixative and 
cellular water with organic solvents (Liu et al., 2016). As 
a commonly used dehydrating agent for animal tissue, 
ethanol can well mix with water at any proportion and 
simultaneously dehydrate and harden the tissue to 
facilitate the subsequent embedding (Feldman and 
Wolfe, 2014). However, because the ethanol solution can 
rapidly penetrate tissues and contract tissue, the 
dehydration procedure and time are essential for 
preparing paraffin section31. With insufficient 
dehydration times, dehydration is unsuccessful; 
however, excessive dehydration results in shrunken 
tissues that are hard and brittle (Qin et al., 2019). 
Through comparing the sectioning results, we confirmed 
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Fig. 3. HE staining effect obtained after different drying conditions. A. Cell morphology before drying at room temperature. B. Cell morphology before 
drying at 55°C. C. Cell morphology before drying at 75°C. D. HE staining of sections after drying at room temperature for 15 minutes showed that only 
cells in seminiferous tubules (black arrows) could be detected, and all Leydig cells between seminiferous tubules were lost. E. HE staining of sections 
after drying at room temperature for 15 minutes showed that cells in seminiferous tubules (black arrows) and a small number of Leydig cells (white 
arrows) can be observed. F. HE staining of sections after drying at 75°C for 15 minutes showed that the tissue structure was intact, and all cells in 
seminiferous tubules (black arrows) and Leydig cells (white arrows) were intact. Scale bar: 200 μm.



that our 6h dehydration strategy is a better dehydration 
option for horse testis paraffin sections compared with 
the 3 and 12h strategies. 
      The second step in the method is to wax tissue 
sections with paraffin to support the tissue for thin 

sectioning. Thus, we also improved the waxing method. 
Through optimal waxing, tissue and paraffin and tissues 
can form a close dense entire consecutive wax tape with 
paraffin and tissues. Hence, exposure time to molten 
paraffin is vital to the section’s quality. As shown in Fig. 
2, with a 30-minute waxing procedure, we obtained a 
soft and uncompacted tissue block (Fig. 2A) due to 
insufficient waxing, and we could not obtain integrated 
and continuous wax strips (Fig. 2D); with a 120 min 
waxing procedure, the tissue became rigid and the color 
turned black, presumably due to a long time in the high-
temperature oven (Fig. 2C), and wax strips were fragile 
during microtomy (Fig. 2F). It was only with the 60-
minute waxing procedure (Fig. 2B) that the tissue was 
thoroughly waxed and free of issues, such as air bubbles, 
wrinkles, and cracks, allowing it to be sliced into 
unbroken serial strips (Fig. 2E). 
      Third, we compared the following drying 
temperatures: RT, 55°C and 75°C. As shown in Fig. 3 A-
C, the state of the tissue under the microscope differs 
with the three drying conditions. Further HE staining 
demonstrated that after drying at RT, nearly all Leydig 
cells and vascular cells within the seminiferous tubules 
and some germ cells had detached (Fig. 3D). The HE 
staining is weak after drying at 55°C, and Leydig and 
vascular cells in the seminiferous tubules, and some 
germ cells became loose, similar to the previous case 
(Fig. 3E). However, HE staining results with a clear 
contrast and structure was obtained only after drying at 
75°C (Fig. 3F). The drying process after waxing and 
slicing enhances adhesion between the tissue and slide. 
Based on our results, we could observe and study testis 
morphology and cell development following our 
optimized drying conditions (Fig. 4A). 
      It has been confirmed that spermatogonial stem cells 
undergo a series of mitotic and meiotic divisions to form 
haploid round sperm cells and then transform into 
elongated sperm cells, known as spermatozoa 
(Chojnacka et al., 2016). Afterward, sperm are shed 
from the spermatogenic epithelium and released into the 
lumen of the spermatogenic tubules and then enter the 
epididymis, where they mature and acquire the ability to 
fertilize an egg (Mruk and Cheng, 2015). In the adult 
testis, Sertoli cells support germ cell development 
(Zhang, 2007) by secreting various proteins and other 
vital biomolecules (Jiang, 2014), such as insulin-like 
growth factor 1 (Dance et al., 2017), androgen binding 
protein (Qin, 2012), anti-Mueller hormone (Claes and 
Ball, 2016), and androgen receptor (Zhang et al., 2020; 
Yang et al., 2021). Sertoli cells are also involved in the 
formation of the blood-testis barrier, which protects 
spermatogenic cells from various harmful factors 
(Gerber et al., 2016). However, studies on horses are 
much less detailed than studies on other animal models. 
As intact structure and cell organization in the testis are 
important for normal male reproductive physiology, the 
optimized paraffin sectioning procedure (Fig. 4B) 
established here will benefit histological, reproductive, 
and clinical studies on horse testes. 
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Fig. 4. The obtained high-amplified HE staining result (A) and schematic 
diagram of the optimized paraffin sectioning procedure (B). Green 
arrowhead: spermatogonia, black arrowheads: primary spermatocytes, 
green arrow: secondary spermatocytes, blue arrow: spermatids, red 
arrow: sperm, red arrowhead: Sertoli cells, and black arrow: Leydig 
cells. Scale bar: 10 μm.



 
Acknowledgements. The authors would like to thank Mr. Wu for 
providing the horse testis samples and Mr. Geqin Tu for his help with 
the English modification of the manuscript. 
Funding statement. This work was supported by the National Natural 
Science Foundation of China (U23A20224, 31860642), Basic Research 
Funds for Universities directly under the Inner Mongolia Autonomous 
Region (BR220402). 
Declaration of competing interest. The researcher claims no conflicts of 
interest. 
 
 
References 
 
Ali R.A., Awadalla E.A., Amin Y.A., Fouad S.S., Ahmed M.A.-E.B., 

Hassan M.H., Abdel-Kahaar E. and Abdel-Aziz R. (2024). The 
deleterious effects of sofosbuvir and ribavirin (antiviral drugs against 
hepatitis C virus) on different body systems in male albino rats 
regarding reproductive, hematological, biochemical, hepatic, and 
renal profiles and histopathological changes. Sci. Rep. 14, 5682. 

Almeida J., Conley A.J. and Ball B.A. (2013). Expression of anti-
Müllerian hormone, CDKN1B, connexin 43, androgen receptor and 
steroidogenic enzymes in the equine cryptorchid testis. Equine Vet. 
J. 45, 538-545. 

Amin Y.A., Noseer E.A., Fouad S.S., Ali R.A. and Mahmoud H.Y.A.H. 
(2020). Changes of reproductive indices of the testis due to 
Trypanosoma evansi infection in dromedary bulls (Camelus 
dromedarius): Semen picture, hormonal profile, histopathology, 
oxidative parameters, and hematobiochemical profile. J. Adv. Vet. 
Anim. Res. 7, 537-545. 

Asgenbaatar N., Wang X.S., Shen Y.C., Caiwendaolima, Hong 
R.,Yimina, Taoli, Anaer, Wenderima, Gui-qin L., Taonala, 
Gerileqimug and Manglai (2020). Optimization of pre-treatment 
conditions for preparation of paraffin sections of horse testis. Animal 
Husbandry Feed Sci. 41, 111-115  (in Chinese). 

Amin Y.A., Elqashmary H.A., Karmi M. and Essawi W.M. (2023). 
Different protocols in treatment of placental retention in dairy cows 
and their influences on reproductive performance. Reprod. Domest. 
Anim. 58, 1114-1124. 

Bergmann A. and Steller H. (2010). Apoptosis, stem cells, and tissue 
regeneration. Sci. Signal. 3, re8. 

Bilinska B., Hejmej A. and Kotula-Balak M. (2018). Preparation of 
testicular samples for histology and immunohistochemistry. Methods 
Mol. Biol. 1748, 17-36. 

Chojnacka K., Zarzycka M. and Mruk D.D. (2016). Biology of the sertoli 
cell in the fetal, pubertal, and adult mammalian testis. Results Probl. 
Cell Differ. 58, 225-251. 

Claes A.N. and Ball B.A. (2016). Biological functions and clinical 
applications of anti-müllerian hormone in stallions and mares. Vet. 
Clin. North Am. Equine Pract. 32, 451-464. 

Dance A., Kastelic J. and Thundathil J. (2017). A combination of insulin-
like growth factor I (IGF-I) and FSH promotes proliferation of 
prepubertal bovine Sertoli cells isolated and cultured in vitro. 
Reprod. Fertil. Dev. 29, 1635-1641. 

Feldman A.T. and Wolfe D. (2014). Tissue processing and hematoxylin 
and eosin staining. Methods Mol. Biol. 1180, 31-43. 

Gerber J., Heinrich J. and Brehm R. (2016). Blood-testis barrier and 
Sertoli cell function: lessons from SCCx43KO mice. Reproduction 
151, R15-R27. 

Ing N.H., Laughlin A.M., Varner D.D., Welsh T.H. Jr, Forrest D.W., 
Blanchard T.L. and Johnson L. (2004). Gene expression in the 
spermatogenically inactive "dark" and maturing "light" testicular 
tissues of the prepubertal colt. J. Androl. 25, 535-544. 

Jiang X.H. (2014). The influence of Sertoli cell dependant structure and 
function on germ cell development. PhD dissertation. In: University 
of science and technology of china (in Chinese). 

Li N. and Cheng C.Y. (2016). Mammalian target of rapamycin complex 
(mTOR) pathway modulates blood-testis barrier (BTB) function 
through F-actin organization and gap junction. Histol. Histopathol. 
31, 961-968. 

Li L., Mao B., Wu S., Li H., Lv L., Ge R. and Cheng C.Y. (2020). 
Endogenously produced LG3/4/5-peptide protects testes against 
toxicant-induced injury. Cell Death Dis. 11, 436. 

Liu Y., Zhou J. and Huang Y.B. (2016). The improvement of fixation 
method in paraffin section preparation of histology. Bull. Biol. 51, 47-
48+64 (in Chinese). 

Mahmoud H.Y.A.H., Fouad S.S. and Amin Y.A. (2022). Review of two 
viral agents of economic importance to the equine industry (equine 
herpesvirus-1, and equine arteritis virus). Equine Vet. Edu. 35, 92-
102. 

Mao X.X. (2013). The improved methods of paraffin sections productio . 
Anhui Agricultural Sci. Bulletin 15, 16-39 (in Chinese). 

Mok K.W., Mruk D.D. and Cheng C.Y. (2013). Regulation of blood-testis 
barrier (BTB) dynamics during spermatogenesis via the "Yin" and 
"Yang" effects of mammalian target of rapamycin complex 1 
(mTORC1) and mTORC2. Int. Rev. Cell Mol. Biol. 301, 291-358. 

Mruk D.D. and Cheng C.Y. (2015). The mammalian blood-testis barrier: 
Its biology and regulation. Endocr. Rev. 36, 564-591. 

Nariga, Wang X.S., Shen Y.C., Caiwendaolima, Ren H., Yimina, Taoli, 
Anaer, Wenderima, Liu G.-Q., Taonala, Gerileqimuge and Manglai. 
(2020). Optimization of pre-treatment conditions for preparation of 
paraffin sections of horse testis (in Chinese). Anim. Husbandry Feed 
Sci. 41, 111-115. 

Pérez C.V., Gómez L.G., Gualdoni G.S., Lustig L., Rabinovich G.A. and 
Guazzone V.A. (2015). Dual roles of endogenous and exogenous 
galectin-1 in the control of testicular immunopathology. Sci. Rep. 5, 
12259. 

Qin J.C. (2012). Role of Sertoli cell tight junctions in the pathogenesis of 
male reproductive dysfunction induced by oxidative stress in mice 
(in Chinese). In: Master thesis. Zhejiang University. 

Qin Y.T., Qin S.L. and Ni J. (2019). Precautions for the production of 
paraffin sections in histology. Medical Forum 23, 2894-2895 (in 
Chinese). 

Ramos-Vara J.A. (2017). Principles and methods of 
immunohistochemistry. Methods Mol. Biol. 1641, 115-128. 

Rathi R., Honaramooz A., Zeng W., Turner R. and Dobrinski I. (2006). 
Germ cell development in equine testis tissue xenografted into mice. 
Reproduction 131, 1091-1098. 

Rode K., Sieme H., Richterich P. and Brehm R. (2015). Characterization 
of the equine blood-testis barrier during tubular development in 
normal and cryptorchid stallions. Theriogenology 84, 763-772. 

Sadeghipour A. and Babaheidarian P. (2019). Making formalin-fixed, 
paraffin embedded Blocks. Methods Mol. Biol. 1897, 253-268. 

Silva D.E.C., Penitente-Filho J.M., Souza Netto D.L., Waddington B., de 
Oliveira R.R. and Guimareães J.D. (2021). Nonlinear models to 
describe the testicular size growth curve of mangalarga marchador 
stallions. J. Equine Vet. Sci. 102, 103422. 

Snider T.A. (2015). Reproductive disorders in horses. Vet. Clin. North 

341

Optimizing the preparation of paraffin sections



Am. Equine Pract. 31, 389-405. 
Sy J. and Ang L.C. (2019). Microtomy: Cutting formalin-fixed, paraffin-

embedded sections. Methods Mol. Biol. 1897, 269-278. 
Toghan R., Amin Y.A., Ali R.A., Fouad S.S., Ahmed M.A.-E.B. and 

Saleh S.M.M. (2022). Protective effects of Folic acid against 
reproductive, hematological, hepatic, and renal toxicity induced by 
Acetamiprid in male Albino rats. Toxicology 469, 153115. 

Trost N., Mbengue N. and Kaessmann H. (2023). The molecular 
evolution of mammalian spermatogenesis. Cells Dev. 175, 203865. 

Wen Q., Tang E.I., Gao Y., Jesus T.T., Chu D.S., Lee W.M., Wong 
C.K.C., Liu Y.-X., Xiao X., Silvestrini B. and Cheng C.Y. (2018). 
Signaling pathways regulating blood-tissue barriers - Lesson from 
the testis. Biochim. Biophys. Acta Biomembr. 1860, 141-153. 

Wick M.R. (2019). The hematoxylin and eosin stain in anatomic 
pathology-An often-neglected focus of quality assurance in the 
laboratory. Semin. Diagn. Pathol. 36, 303-311. 

Xiao X., Mruk D.D., Wong C.K. and Cheng C.Y. (2014). Germ cell 
transport across the seminiferous epithelium during 
spermatogenesis. Physiology 29, 286-298. 

Xiao C.Y., Wang Y.Q., Li J.H., Tang G.-C. and Xiao S.-S. Xiao. (2017). 
Transformation, migration and outcome of residual bodies in the 
seminiferous tubules of the rat testis. Andrologia 49, e12786. 

Yang X., Feng Y., Li Y., Chen D., Xia X., Li J. and Li F. (2021). AR 
regulates porcine immature Sertoli cell growth via binding to RNF4 
and miR-124a. Reprod. Domest. Anim. 56, 416-426. 

Yang Y., Yao M., Zeng J., Zheng D., Li Q., Ni Y. and Xiao X. (2022). 
FYN regulates cell adhesion at the blood-testis barrier and the apical 
ectoplasmic specialization via its effect on Arp3 in the mouse testis. 
Front. Immunol. 13, 915274. 

Zhang D.L. (2007). Nutrit ional regulation of mouse germ cell 
development in vitro (in Chinese). In: Zhejiang University. 

Zhang L., Ma T., Tao Q., Tan W., Chen H., Liu W., Lin P., Zhou D., 
Wang A., Jin Y. and Tang K. (2020). Bta-miR-34b inhibits 
proliferation and promotes apoptosis via the MEK/ERK pathway by 
targeting MAP2K1 in bovine primary Sertoli cells. J. Anim. Sci. 98, 
skaa313. 

   
Accepted June 6, 2024

342

Optimizing the preparation of paraffin sections


