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Abstract
The Germinal epithelium is the innermost layer of the seminiferous tubule is also known as the wall of the seminiferous tubule 

within the testes. The histoarchitecture of the germinal epithelium is characterized by the presence of spermatogonia, primary 
spermatocytes, secondary spermatocytes, sertoli cells, spermatozoa, myocytes and the lumen of the seminiferous tubule. They secrete 
testosterone. The cells of the germinal epithelium are simple cuboidal. 8 F1 Male Adult Albino Wistar Rats were used for this research, 
they were divided into two groups, control and treatment group. The treatment group were given 2mls KCN via oral administration 
for 7 days. Histological studies revealed that KCN treatment caused severe disorganization and denudation of germinal epithelial 
cells of seminiferous tubules with distortion and degeneration of the lumen with formation of abnormal tails of spermatozoa. This 
research further showed decline in spermatogenesis, decrease in sperm count and increase in sperm abnormality on exposure to a 
low dose of Cyanide. 
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Abbreviation
KCN: Potassium Cyanide

Introduction
The testes (singular, testis) are located in the scrotum (a sac of skin between the upper thighs). In the male fetus, the testes develop 

near the kidneys and then descend into the scrotum just before birth. Each testis is about 11
/2 inches long by 1 inch wide. Testosterone is 

produced in the testes which stimulates the production of sperm as well as give secondary sex characteristics beginning at puberty. The 
seminiferous tubules are located inside the testes; each testicle contains about 900 coiled seminiferous tubules. Around 90% of the weight 
of each testis consists of seminiferous tubules. The seminiferous tubules are the functional units of the testis, where spermatogenesis 
takes place [1]. Once the sperm are produced, they are moved from the seminiferous tubules into the rete testis for further maturation. 
The seminiferous tubules are responsible for the formation of sperm (Alevi., et al. 2013). The germinal epithelium of the seminiferous tu-
bule is composed of cells which are responsible for spermatogenesis. Cyanide toxicity leads to a distorted lumen and formation of abnor-
mal tails of sperm in the seminiferous tubules. This situation may lead to reduced motility of sperm thereby causing infertility in males. 
This research reveals decline in spermatogenesis, decrease in sperm count and increase in sperm abnormality on exposure to a low dose 
of Cyanide. Similar result was reported on exposure of Adult Wistar rats to Diazinon, an organophosphate pesticide [2]. 

Materials and Methods
Animal preparation

The animals were housed at the animal holding facility of Afe Babalola University, Nigeria. The animals were allowed to acclimatize to 
the new environment for 1 week. 8 male animals were used for this research. The animals were kept under alternating light and darkness 
with rat chow and water being given to the animals daily. The albino Wistar rats were kept in separate cages, 2 animals per cage in 4 cages 
for 7 days. All protocols were in accordance with the IACUC animal use guidelines and were approved by the Animal Use Ethical Commit-
tee of the Afe Babalola University, Nigeria.
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Tissue processing

Testes of cyanide treated rats and non-cyanide treated rats were obtained via abdominopelvic dissection after sacrificing. The speci-
mens were fixed 10% formal saline and processed histologically to obtain paraffin wax embedded sections at the histology laboratory of 
Afe Babalola University, Ado-Ekiti.

Histology

Tissue sections were processed for routine Haematoxylin and Eosin following the methods of Zhang., et al. [3] to demonstrate the 
general morphology of the tissues and vessels in the tissue.

Histomorphometry 

Cell cycle markers (p53, Cathepsin D and Bax): These were immunolabelled in the glandular and muscular prostate tissue, using anti 
Human-p53 (polyclonal), Rat anti Human-Bax and anti-Cathepsin D (Monoclonal) to demonstrate cell cycle dysregulation, cell death and 
onset tumorgenesis. This was then mapped against regions of α1A over expression. [Dilutions; p53 (1:100 in PBS), Cathepsin D (1:350 in 
TBS) and Bax (1:1,000 in PBS)].

The paraffin wax embedded sections were mounted on a glass slide in preparation for antigen retrieval where the slides were im-
mersed in urea overnight and then placed in a microwave for 45 minutes to re-activate the antigens and proteins in the tissue sections. 
Primary antibody treatment involved treating the sections with biotinylated goat serum for one hour following which the sections were 
transferred to 1% bovine serum albumin (BSA) to block non-specific protein reactions. Secondary treatment involved the use of diluted 
anti-p53, anti-Cath D, anti-Bax and anti-CD45 on the pre-treated sections for one hour. The immunopositive reactions were developed 
using a polymer 3’3’ Diaminobenzidine Tetrachloride (DAB) with colour intensification involving the use of mathenamine silver kit. The 
sections were counterstained in Hematoxylin and treated in 1% acid alcohol (freshly prepared).

Results 
Histology

Figure 1: (a) General morphology of the testes (Control) stained with Hematoxylin and Eosin. The lumen is observable with the 
protruding tail of the matured sperm cells. The general outline is demonstrated as germinal epithelium within the seminiferous tubule 

(lumen; L); arrow head indicates the location of the blood vessels adjacent to the basement membrane (Magnification X100). (b) 
General morphology of the testes of adult Wistar Rats treated with 20 mg/Kg B.W of orally administered KCN for 7 days. The testes 
shows general distortion of the lumen and the tail of sperm cells are not prominent when compared to the control group. The tissue 

section shows signs of extreme degeneration (Magnification X100). (c) General morphology of cyanide treated rat testes at X400. The 
distortion in the cytoarchitecture of the basement membrane can be seen at this magnification. The cell diameter is greater reduced 

compared to the control group at the same magnification (X400).
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Immunohistochemistry 

Figure 2: (a) General morphology of the testes at X400, note the long tail of the sperm cells (arrow head), also observe the structure 
of the basement membrane and location of blood vessels close to the base of the Sertoli cells (Magnification X400). (b) Histological 
demonstration of the germinal epithelium using the oil immersion X100 objective. This is to clearly demonstrate and characterize 

the cell types in the testes. S0 (spermatogonia), S1 (primary spermatocytes), S2 (secondary spermatocytes), S3 (Spermatids), Sz 
(spermatozoa), L (lumen), BM (basement membrane), M (myocyte), Sc (Sertoli cells) and V (blood vessels). Observe the chromatin 

condensation in the spermatocyte. (c) Histoarchirectural demonstration of the germinal epithelium for cyanide treated rats. Arrow 
heads indicates sites of tissue and cell degeneration due to cyanide induced stress. S0 (spermatogonia), S1 (primary spermatocytes), S2 

(secondary spermatocytes), S3 (Spermatids), Sz (spermatozoa), L (lumen), BM (basement membrane), M (myocyte), Sc (Sertoli cells) 
and V blood vessels). Observe the chromatin condensation in the spermatocytes. 

Figure 3: (a) Immunohistochemical localization of cell proliferation protein Ki-67 localized using polyclonal Goat anti-Rat Ki-67 
antibody developed using 3’3’ Diaminobenzidine tetrachloride (DAB). Counter stain was done using Hematoxylin. The location of the 
rapidly proliferating cells was mapped around the basement membrane (Magnification X100). (b) Immunohistochemical localization 

of cell proliferation protein Ki-67 localized using polyclonal Goat anti-Rat Ki-67 antibody developed using 3’3’ Diaminobenzidine 
tetrachloride (DAB) showing highly immunopositive spermatogonia close to the basement membrane (Magnification X400). (c) 

Histological demonstration of germinal epithelium, labelled with cell proliferation antibody Ki-67. The immunopositive cells were 
localized in the base of the epithelium, general outline shows degeneration and reduced cell population per unit area (Magnification 

X1, 000). (d) Immunohistochemical demonstration of the germinal epithelium cell proliferation profile. Arrow head indicates rapid cell 
proliferation in the basement membrane and around the blood vessels (Magnification X 1,000).
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Morphometry

Figure 4: (a) Histomorphometry of germinal epithelium cells of control Wistar Rat. 
(b)Histomorphometry of germinal epithelium cells of Cyanide treated Wistar Rat.

Figure 5: Bar chart representing the cell diameters in micrometres for the treatment and control groups, The graph shows a reduction 
in size of the cells basement membrane, secondary spermatocytes, spermatozoa and the sertoli cells of cyanide treated rats (KCN) when 

compared with the control. 

Cell type Measurement (Inches) 
at X1,000

Measurement (mm) 
at X1,000

Measurement (µm) 
at X1,000

Measurement 
(µm) (Actual)

Basement membrane (Bm) 0.35 8.93 x103 8.93 8.93
Spermatogonia (S0) 0.44 11.2 x103 11.2 11.2
Primary Spermatocytes (S1) 0.50 12.8 x103 12.8 12.8
Secondary Spermatocytes (S2) 0.75 19.1 x103 19.1 19.1
Spermatids (S3) 0.35 8.9 x103 8.9 8.9
Spermatozoa (Sz) 0.31 7.9 x103 7.9 7.9
Sertoli cell (Sc) 0.71 18.1 x103 18.1 18.1

Table 1: Table showing measured values of germinal epithelium cells of Control Wistar Rat. 
Converting 1 inch is 25.5 mm, thus each of the values in inches is converted to mm at X1,000. This was then  

divided by 1,000 to get the value for the actual measurement and values in µm.
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Cell type Measurement (Inches) 
at X1,000

Measurement (mm) 
at X1,000

Measurement (µm) 
at X1,000

Measurement (µm) 
(Actual)

Basement membrane (Bm) 0.25 6.38 x103 6.38 6.38
Spermatogonia (S0) 0.56 14.3 x103 14.3 14.3
Primary Spermatocytes (S1) 0.56 14.3 x103 14.3 14.3
Secondary Spermatocytes (S2) 0.59 15.04 x103 15.04 15.04
Spermatids (S3) 0.50 12.8 x103 12.8 12.8
Spermatozoa (Sz) 0.25 6.4 x103 6.4 6.4
Sertoli cells (Sc) 0.65 16.6 x103 16.6 16.6

Table 2: Table showing measured values of germinal epithelium cells of Cyanide Treated Wistar Rat.  
Converting 1 inch is 25.5 mm, thus each of the values in inches is converted to mm at X1,000.  
This was then divided by 1,000 to get the value for the actual measurement and values in µm.

Discussion
Cell cycle describes the cellular control mechanism in place to check and control all the different phases involved in cell reproduc-

tion, activities and cell death. Each of the different stages of the cell cycle is said to be controlled by several cell switch systems involving 
the cyclins and cyclin dependent kinases (Cdks). During the process of rapid cell division, the cell cycle puts in place resting phases (Gap 
phases) in between the important phases (Synthetic or S-Phase, Mitosis or M-Phase), the cell cycle is characterized a specific resting dura-
tion during which the cell proofreads its genome for errors. If such errors are repairable, the cell amends such errors via molecular control 
mechanisms by literarily stitching the broken DNA material into the rest of the genome. Although the cell is equipped with the metabolic 
machinery to stitch the broken genetic fragments during replication, it is however not endowed with tools to recognize the actual sites. In 
certain circumstances, the fragmented gene is stitched to a wrong site which might alter gene regulatory region that will prone a cell to 
over expression of certain proteins that can lead to cancers. In a second mechanism, if the DNA breakage is vast and cannot be repaired 
easily, the cell quickly sends itself to a permanent resting phase or G0 (apoptosis). This state is achieved via the increase in the transcrip-
tion of the p53 gene in response to such genetic errors. The nuclease digests the DNA thus; such cells are believed to be in a state of self-
termination (apoptosis). P53 gene increases the fidelity of PCa due to mismatch repair as described by Bansal., et al. 2012. Several studies 
show that the expression of p53 corresponds with the progression of the PCa and has thus been regarded as a prognostic marker and 
predictor of endocrine therapeutic effect for prostate cancer. The p53 signaling pathway activates Bax as a form of pre apoptotic signal, 
this is accountable for the over expression of p53 and Bax in the PCA biopsies (Figure 2 and Table 1). 

The role of lysosomal proteases has been suspected to be involved in malignancy of tumors in the prostate. The enzyme is a protease 
that caused degeneration of the intercellular matrix, thus facilitating the escape of neoplastic cells. This is not a wide spread occurrence in 
PCa as it is restricted to specific tissue sites (Figure 4 and Table 1). The study uses anti-Human Cath D (Mab) to map the location of Cath D 
in BPH and PCa tissues. The BPH biopsies showed moderate Cathepsin D expression which is characteristic of cells found to be undergoing 
cell proliferation and migration in the basal region of the control testicular tissue (S38), although the expression of CathD is higher in the 
PCa biopsies, it does not necessarily imply malignancy rather it might be an implication of early onset malignancy. Certain invasive cancer 
cells also showed CathD over expression in isolated cell populations within the glandular tissue. The study of Kuczyk., et al. 1994 reports 
that CathD expression was observed in the cytoplasm and the surface of tumor cells invading glandular tissue and in single cells involv-
ing prostatic stoma. This is also important in the determination of biological aggressiveness of prostate cancer, the importance of CathD 
over expression is an important prognostic tool for distinguishing PCa from BPH in epitheliomas but cannot be isolated except analyzed 
with other cell cycle markers like Bax and p53 to determine the holistic role of cell cycle regulation in BPH and PCa. The reduced p53 in 
BPH is understandable, especially when co-analyzed with Bax as it implies increased senescence not due to tumor genesis. This scenario 
describes a well-organized cell cycle but short timed to give numerous cells over a short period of time. Other studies involving the de-
tection of epithelium protein E Cadherin shows intact epithelium with orderly arranged lamellae that is restricted to the fibromuscular 
epithelium. In PCa, the increased levels of P53 and Bax signals pre-apoptotic tendencies for rapidly proliferating un-coordinated cells 
which can be located at random locations due to loss of matrix and adhesion molecules described in high CathD levels. In conclusion, p53, 
CathD and Bax co-localization gives a holistic approach to understanding the cell cycle in BPH and PCa and in distinguishing the pattern 
of cell proliferation in both conditions.
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Conclusion
In a nutshell it could be concluded that the degeneration of lumen, abnormal shape of sperm tails and a general disorganization of 

the histoarchitecture of the germinal epithelium may be as a result of the toxicity of cyanide. Malformation of the histoarchitecture of the 
germinal epithelium of the seminiferous tubule would lead to the formation of abnormal spermatozoa or even absence of spermatozoa, 
resulting into infertility in males.

Conflict of Interest
The Authors hereby declare there is no conflict of interest associated with this study or any of the procedures and materials used for 

the purpose of the study.

Acknowledgement
We will like to acknowledge Dr. Olalekan Ogundele of LSU for his tutelage and advice during the process of this research. We will also 

like to appreciate the Department of Anatomy, Afe Babalola University for allowing us to make use of some their equipment for this re-
search.

Ethical Approval
All animal handling protocols were in accordance with the Institutional Animal Care and Use Committee (IACUC) animal use guidelines 

and were approved by the Animal Use Ethical Committee of the Afe Babalola University, Nigeria.

Funding
This research was sponsored by the author and co- authors. 

Bibliography

1. Marchlewska K., et al. “Maturational changes in connexin 43 expression in the seminiferous tubules may depend on thyroid hormone 
action”. Archives of Medical Science 9.1 (2013): 139-145.

2. Urban JA., et al. “Tamoxifen induced multinucleated cells (symplasts) and distortion of seminiferous tubules in rat testis”. Asian Journal 
of Andrology 5.3 (2003): 217-220.

3. Zhang G., et al. “The Drosophila Microtubule Associated Protein Mars Stabilizes Mitotic Spindles by Crosslinking microtubules through 
its N-terminal region”. Cell Division (2013): 121-130.

4. Agency for Toxic Substances and Disease Registry (ATSDR). Draft Toxicological (2004).

5. Profile for Cyanide. US department of Health and Human Services. Atlanta USA.

6. Baud F J., et al. “Elevated blood cyanide concentrations in victims of smoke inhalation”. The New England Journal of Medicine 325 
(1991): 1761-1766.

7. Bertrand F., et al. “An initial and rapid step of lytic granule secretion precedes microtubule organizing centre polarization at the cyto-
toxic T lymphocyte/target cell synapse”. Proceedings of the National Academy of Sciences of the United States of America 110.15 (2013): 
6073-6078.

8. De Riccardis F., et al. “Ion Transport through Lipid Bilayers by Synthetic Ionophores: Modulation of Activity and Selectivity”. Accounts 
of Chemical Research 46.12 (2013): 2781-2790. 

9. Esteves S C and Varghese AC. “Laboratory handling of epididymal and testicular spermatozoa: What can be done to improve sperm 
injections outcome”. Human Reproductive Science 5.3 (2012): 233-243.

10. Johnen H., et al. “Gadd45g is essential for primary sex determination, male fertility and testis development”. PlOS One 8.3 (2013): 
e58751. 

11. Josso N., et al. “Testicular anti-Müllerian hormone: clinical applications in DSD”. Seminars in Reproductive Medicine 30.5 (2012): 364-
373. 

https://www.ncbi.nlm.nih.gov/pubmed/23515877
https://www.ncbi.nlm.nih.gov/pubmed/23515877
https://www.ncbi.nlm.nih.gov/pubmed/12937805
https://www.ncbi.nlm.nih.gov/pubmed/12937805
https://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=206&tid=37
https://www.nejm.org/doi/full/10.1056/NEJM199112193252502
https://www.nejm.org/doi/full/10.1056/NEJM199112193252502
https://www.ncbi.nlm.nih.gov/pubmed/23536289
https://www.ncbi.nlm.nih.gov/pubmed/23536289
https://www.ncbi.nlm.nih.gov/pubmed/23536289
https://www.ncbi.nlm.nih.gov/pubmed/23534613
https://www.ncbi.nlm.nih.gov/pubmed/23534613
https://www.ncbi.nlm.nih.gov/pubmed/23533051
https://www.ncbi.nlm.nih.gov/pubmed/23533051
https://www.ncbi.nlm.nih.gov/pubmed/23516551
https://www.ncbi.nlm.nih.gov/pubmed/23516551
https://www.ncbi.nlm.nih.gov/pubmed/23044872
https://www.ncbi.nlm.nih.gov/pubmed/23044872


20

Citation: Laoye BJ., et al. “Histoarchitecture of the Germinal Epithelium of Cyanide Treated Rats”. EC Emergency Medicine and Critical 
Care 3.11 (2019): 14-20.

Histoarchitecture of the Germinal Epithelium of Cyanide Treated Rats

12. Lindsay A E., et al. “Analytical techniques for cyanide in blood and published blood cyanide concentrations from healthy subjects and 
fire victims”. Analytica Chomical Acta 511.2 (2004): 185-195.

13. Megarbane B., et al. “Antidotal treatment of cyanide poisoning”. Journal of the Chinese Medical Association 66.4 (2003): 193-203.

14. Pearse AG Everson. “Histochemistry: Theoretical and applied, 2nd Edition” (1960).

Volume 3 Issue 11 November 2019
©All rights reserved by  Laoye BJ., et al.

https://www.sciencedirect.com/science/article/pii/S0003267004001849
https://www.sciencedirect.com/science/article/pii/S0003267004001849
https://www.ncbi.nlm.nih.gov/pubmed/12854870

	_GoBack
	_GoBack

