
Introduction

Among reptiles, squamates possess particularly 

distinctive male reproductive and urinary systems, 

characterised by specialised anatomical and functional 

adaptations. Sperm produced in the seminiferous tubules 

of the testes is transported through a series of testicular 

ducts, including the rete testis, ductuli e൵erentes, ductus 
epididymis, and ductus deferens (Trauth and Sever, 

2011). In addition to excretion, the kidney of male 

squamates contains a testosterone-dependent secondary 

sexual structure known as the sexual segment of the 

kidney (SSK) (Prasad and Reddy, 1972; Sever et al., 

2002), formed by modi¿cations of the distal tubules of 
the renal system (Prasad and Reddy, 1972). Numerous 

studies have documented seasonal changes in the 

morphology and activity of the SSK across diverse 

squamate taxa, particularly in snakes (Aldridge et al., 

2011). The SSK has been proposed to serve several 

reproductive functions, including that its secretions are 

associated with sperm maintenance within the female 

oviduct (Aldridge et al., 2011; Friesen et al., 2013; Silva 

et al., 2022) and with copulatory plug formation (Sever 

et al., 2002; Friesen et al., 2013). However, the precise 

functional roles of SSK secretions and their interactions 

with spermatozoa remain incompletely understood 

(Aldridge et al., 2011; Migliore et al., 2024).

Here, we describe the macro- and microscopic 

anatomy of the urogenital system in adult male 

Monocled Cobra (Naja kaouthia Lesson, 1831) from 

Ang Thong Province, central Thailand, including the 

reproductive components of the testes and testicular 

ducts, and the urinary components of the kidneys and 

the SSK. We also report on the presence of spermatozoa 

within the SSK, collecting ducts, and ureters. These 

¿ndings provide evidence of changes in both external 
and internal anatomy that may contribute to the 

functional role of the SSK in elapid snakes and other 

squamates.

Materials and Methods

Specimen collection. Seven adult male Naja kaouthia 

were obtained opportunistically from local farmers 

following accidental deaths in paddy ¿elds of Ang 
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(testicular volume (TV) = 433.02 ± 194.53 mm3, 

range = 217.03–594.43 mm3, n = 3), spermiogenesis 
stage (TV = 688.53 ± 392.43 mm3, range = 505.86–
1139.00 mm3, n = 3), and spermiation stage (TV = 
1534.70 mm3, n = 1). In these stages, the seminiferous 
epithelium exhibited a combination of Sertoli cells 

and germ cells at di൵erent stages of di൵erentiation, 
whereas the interstitial tissue, containing blood vessels 

and Leydig cells, was distributed throughout the 

intertubular space. During testicular recrudescence, 

Sertoli cells and spermatogonia were located near the 

basement membrane of the seminiferous epithelium, 

followed by primary and secondary spermatocytes, as 

well as primary and secondary spermatids (Fig. 2A). 

Spermiogenesis was characterised by the accumulation 

of mature spermatozoa adjacent to the lumen of the 

seminiferous tubules (Fig. 2B). In the spermiation 

stage, spermatozoa were released into the lumen of 

the seminiferous tubules, completing the spermiation 

process (Fig. 2C, D). Across the studied specimens, the 

lumen of the ductus epididymis was empty (Fig. 2E), 

while only a few spermatozoa were observed in the 

lumen of the ductus deferens in males at the testicular 

recrudescence stage (Fig. 2F). Dense aggregations of 

spermatozoa were found in both the ductus epididymis 

(Fig. 2G) and ductus deferens (Fig. 2H) in males at the 

spermiogenesis and, particularly, the spermiation stages. 

The epithelial height of the ductus epididymis was 

signi¿cantly greater during the recrudescence stage, in 
which spermatozoa were absent, compared with those 

ducts containing spermatozoa (U = 97.50, p = 0.006). 
In contrast, the epithelial height of the ductus deferens 

did not di൵er between the testicular recrudescence stage 
and the active testicular stages (U = 184.00, p = 0.665) 
(Table 2).

Male sexual segment of the kidney (SSK) and sperm 

in the ureter. The kidneys of male N. kaouthia were 

brownish-red, elongated, and exhibited morphological 

variation. Noticeable di൵erences in external morphology 
were observed among individuals. In ¿ve specimens, 
including those in the testicular recrudescence and 

spermiogenesis stages, the kidneys displayed prominent 

vascular structures, with tubule-like structures visible 

only in some areas (weight = 3.71 ± 1.78 g, range = 
2.94–5.33 g, length = 64.77 ± 13.48 mm, range = 
31.37–80.62 mm, width = 11.96 ± 3.14 mm, range = 
7.52–16.05 mm, n = 5) (Fig. 3A). In contrast, in two 
males at the spermiogenesis and spermiation stages, 

distinct tubule-like structures were evident throughout 

the kidney (weight = 8.39 ± 0.10 g, range = 8.19–8.64 g, 
length = 77.44 ± 13.48 mm, range = 69.29–89.09 mm, 
width = 17.32 ± 1.26 mm, range = 16.27–18.82 mm, n 

= 2) (Fig. 3B). Histological analysis con¿rmed that the 
tubule-like structures corresponded to the SSK. As in 

other male squamates, the kidney consisted of distinct 

nephron components, including renal corpuscles, 

proximal and distal convoluted tubules, and collecting 

ducts. The SSK was characterised by simple columnar 

epithelial cells with nuclei located near the basal region, 
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Traits 
n = 7 

Mean ± SD Ranges 
Body measurements   

Snout-vent length (cm) 125.24 ± 6.86 114–134 

Tail length (cm) 22.41 ± 2.23 18–25 

Total body length (cm) 147.66 ± 7.04 135.9–159 

Body mass (g) 985.71 ± 348.47 700–1700 

Testicular morphometry   
Right testicular weight (g) 1.78 ± 1.17 0.52–3.64 

Left testicular weight (g) 1.53 ± 0.92 0.49–2.86 

Average testicular weight (g) 1.65 ± 1.04 0.49–3.64 

Right testicular volume (mm3) 703.86 ± 429.28 257.54–1421.27 

Left testicular volume (mm3) 695.96 ± 515.48 176.51–1648.13 

Average testicular volume (mm3) 699.91 ± 464.52 176.51–1648.13 

Kidney morphometry   

Right kidney weight (g) 5.16 ± 2.47 2.74–8.64 

Left kidney weight (g) 4.94 ± 2.41 2.76–8.28 

Average kidney weight (g) 5.05 ± 2.44 2.74–8.64 

Right kidney length (mm) 68.90 ± 18.29  31.37–89.09 

Left kidney length (mm) 67.89 ± 7.02  57.09–76.89 

Average kidney length (mm) 62.20 ± 21.55  31.37–89.09 

Right kidney width (mm) 13.26 ± 4.09  7.87–18.82 

Left kidney width (mm) 13.72 ± 3.52  7.52–17.89 

Average kidney width (mm) 12.42 ± 4.49  7.52–18.82 
 

 

Figure 2. Microscopic morphology of the male genital organs of the Naja kaouthia. (A) Testicular recrudescence; (B) 

Spermiogenesis; (C, D) Spermiation; (E) Empty lumen of the ductus epididymis; (F) Low density of spermatozoa in the lumen of 

ductus deferens; (G) Lumen of ductus epididymis ¿lled with spermatozoa; (H) Lumen of ductus deferens ¿lled with spermatozoa. 
Abbreviations: Bv; Blood vessel, Ct; Connective tissue, Dde; Ductus deferens epithelium, De; ductuli e൵erentes, Dee, Ductus 
epididymis epithelium, Ic; Interstitial cell, Lu; Lumen, Mu; Muscular layer, S; Sertoli cell, Sc I; Primary spermatocyte, Sc II; 

Secondary spermatocyte, Se; Seminiferous epithelium, Smg; Spermatogonium, Spz; Spermatozoa, St I; Primary spermatid, St II; 

Secondary spermatid.

Table 1. Morphometric measurements of the male urogenital 

organs of Naja kaouthia. 
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and tubules with a larger diameter compared to other 

renal tubules (SSK diameter = 83.70 ± 26.77 µm, range 
= 48.74–128.00 µm). Variation in SSK development 
was observed among individuals. Two males exhibited 

hypotrophied SSK (SSK diameter = 58.26 ± 11.43 µm, 
range = 41.83–81.06 µm) (Fig. 3C, D), while ¿ve males 
showed hypertrophied SSK with abundant eosinophilic 

secretory granules in the epithelial cells (SSK diameter 

= 93.88 ± 22.92 µm, range = 66.30–150.63 µm). In 
one male, the SSK reached maximal hypertrophy, with 

secretory granules present both within the epithelial cells 

and in the lumen of the tubules (SSK diameter = 128.00 
± 12.88 µm) (Fig. 3E, F). Additionally, spermatozoa 
were observed aggregated in the lumen of the ureters 

in two N. kaouthia (Fig. 4A, B). No abnormalities or 

ruptures of the urogenital organs were noted during 

dissection. Spermatozoa were also present within the 

lumen of the SSK and the collecting ducts (Fig. 4C, 

D). The transition between the SSK and the collecting 

duct was observed, with spermatozoa passing from the 

collecting duct into the SSK (Fig. 4E, F).

Discussion

In this study, the macro- and microscopic morphology 

of the male urogenital system was examined in seven 

adult Naja kaouthia obtained post-mortem from local 

farmers in Ang Thong Province, central Thailand. Based 

on external morphology, the overall arrangement of the 

male urogenital organs in N. kaouthia conforms to the 

typical pattern observed in most snakes (e.g., Halpert et 

al., 1982; Khouri et al., 2020; Thongboon et al., 2020), 

where the right urogenital organs are positioned more 

anteriorly than the left, as also reported in elapid snakes 

(Pewhom and Vanikasampanna, 2024). Each elongated 
testis was connected to a ductus epididymis and a ductus 

deferens, which ran parallel to the ventral surface of the 

kidney alongside the ureter. The ductus deferens opened 

into the bilobed, spinose hemipenes.

Three stages of testicular activity were identi¿ed based 

on histological observations, including recrudescence, 

spermiogenesis, and spermiation. A previous study by 

Chaitae (2011) suggested that the breeding season of N. 

kaouthia in the wild occurs from October to January, 

while captive populations breed between November 

and January (Chanhome et al., 2001). Tumkiratiwong 

et al. (2012) further demonstrated annual changes in 

testosterone levels and testicular stages in captive N. 

kaouthia, showing that testosterone levels gradually 

increased from January and reached a peak in October. 

These ¿ndings suggest that the specimens examined 
in the present study were collected during a period of 

elevated testosterone levels, while testicular activity 

was likely transitional between active spermatogenesis 

and the arrest phase.

We observed variation in macroscopic and microscopic 

morphology of the kidney and the development of 

the sexual segment of the kidney (SSK). Males in the 

testicular recrudescence and early spermiogenesis 

exhibited kidneys with prominent vascular patterns 

and poorly developed external tubulation, whereas 

males in late spermiogenesis and spermiation displayed 

conspicuous tubule-like structures as described by 

Aldridge et al. (2011). Seasonal variation in kidney 

macroscopic morphology has been reported in 

Amerotyphlops brongersmianus (Khouri et al., 2020); 

however, within the genus Naja, previous studies have 

been largely limited to microscopic variation, including 

N. naja (Saint Girons, 1972) and N. samarensis (Sever 

et al., 2012). A limited number of specimens revealed 

variation in SSK tubular diameter corresponding 

to di൵erent stages, including hypotrophied and 
hypertrophied stages. Similar patterns of SSK 

hypertrophy associated with reproductive activity 

have been reported in most snake species (Aldridge et 

al., 2011). In N. kaouthia, increased SSK hypertrophy 

coincided with the presence of spermatozoa in the 

ductus deferens, suggesting a functional association 

between SSK development and spermatozoa viability 

Table 2. Epithelial height (µm) of the ductus epididymis and ductus deferens in adult male Naja kaouthia. Data are presented 

as mean ± SD. Statistical comparisons were performed using the Mann–Whitney U test. Asterisks indicate di൵erent levels of 
signi¿cance: * p < 0.05 and ** p < 0.01. 

 
 

Structure Epithelial height (µm) Statistical test 
Absent or few spermatozoa 

in the lumen 
Dense spermatozoa in the 

lumen 
Ductus epididymis 39.91 ± 4.58 35.65 ± 3.88 U = 97.5, p = 0.006** 
Ductus deferens 18.82 ± 2.72 19.47 ± 3.73 U = 184.0, p = 0.665 
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Figure 3. Macroscopic and microscopic morphology of the sexual segment of the kidney in male Naja kaouthia. (A, B). 

Macroscopic morphology of the male kidney showing variation among individuals. (C, D). Microscopic structure of hypotrophied 

Sexual segment of the kidney (SSK). (E, F). Microscopic structure of hypertrophied SSK with secretory granules in the epithelial 

cells and lumen. Abbreviations: Bv; Blood vessel, N; Nucleus, Pct; Proximal tubule, Sg; Secretory granule, Ssk; Sexual segment 

of the kidney.
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in the ductus deferens (Sever et al., 2012; Silva et al., 

2020).

Spermatozoa are typically transported through the 

testicular ducts of the male reproductive system (Trauth 

and Sever, 2011) and are not normally present within the 

Figure 4. Sperm aggregation in the renal system of the male Naja kaouthia. (A, B) Aggregations of spermatozoa within the lumen 

of the ureters; (C) Spermatozoa observed in the lumen of the SSK; (D) Spermatozoa present within the collecting duct lumen; (E, 

F) Transition zone between the SSK and the collecting duct, showing spermatozoa passing from the collecting duct into the SSK. 

Abbreviations: Cd; Collecting duct, Dd; Ductus deferens, Lu; Lumen, Pct; Proximal tubule, Ssk; Sexual segment of the kidney, 

Spz; Spermatozoa, U; Ureter, Ue; Ureter epithelium.
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renal components of the urogenital system, including 

the SSK (Barros et al., 2017). In contrast, an unexpected 

¿nding of this study was the presence of spermatozoa 
within the ureters, collecting ducts, and SSK in two 

males. ReÀux of spermatozoa into the renal system 
has previously been reported in snakes, including 

Bothrops pubescens, in which sperm were observed 

within the ureter and SSK (Barros et al., 2017), and in 

A. brongersmianus, where spermatozoa were detected 

within the SSK lumen (Khouri et al., 2020). The 

ampullar ureter merged with the ductus deferens and 

opened into the cloaca, which may result in reÀux of 
spermatozoa into the urinary system (Trauth and Sever, 

2011). Similar observations have also been reported in 

other squamate reptiles, such as skinks (Notomabuya 

frenata) (Migliore et al., 2024).

Here, we report spermatozoa within the lumen of 

the collecting duct in a snake. Migliore et al. (2024) 

demonstrated that collecting ducts produce both neutral 

and acid mucopolysaccharides throughout the year; 

taken together with our ¿ndings, this suggests that 
spermatozoa may be attracted to or maintained within 

the collecting duct by these secretions, supporting 

functional integration between the genital and urinary 

systems. However, the relationship between the genital 

and urinary systems remains poorly understood and 

requires further investigation, particularly with respect 

to physiological regulation and detailed anatomical 

characterisation. This study provides anatomical 

evidence that enhances understanding of urogenital 

system function in the Monocled Cobra (Naja kaouthia) 

and has implications for other elapid snakes and 

squamates.

Acknowledgments. We thank the Department of Zoology, 

Faculty of Science, Kasetsart University, Bangkok, Thailand, for 

institutional support. This study was approved by the Institutional 

Animal Care and Use Committee for Scienti¿c Research, 
Kasetsart University (ID: ACKU66-SCI-013), and was conducted 

in accordance with the guidelines for the care and use of animals 

under the Ethical Review Board of the O൶ce of the National 
Research Council of Thailand.

Reference

Aldridge, R.D., Jellen, B.C., Siegel, D.S., Wisniewski, S.S. (2011): 

The sexual segment of the kidney. In Reproductive Biology and 

Phylogeny of Snakes, p. 477–509. Aldridge, R.D., Sever D.M., 

Eds., Boca Raton, Florida, USA, CRC Press.

Barros, V.A., Rojas, C.A., Almeida-Santos, S.M. (2017): Bothrops 

pubescens sperm in the sexual segment of the kidneys. 

Herpetological Review 48(3): 666–667.

Chaitae, A. (2011): Demography of the monocled cobra (Naja 

kaouthia) in the central region of Thailand. M.S. Thesis, 

Department of Biology, University of Louisville, Louisville, 

Kentucky, USA.

Chanhome, L., Jintakune, P., Wilde, H., Cox, M.J. (2001): 

Venomous snake husbandry in Thailand. Wilderness & 
Environmental Medicine 12(1): 17–23.

Friesen, C.R., Shine, R., Krohmer, R.W., Mason, R.T. (2013): Not 

just a chastity belt: the functional signi¿cance of mating plugs 
in garter snakes, revisited. Biological Journal of the Linnean 

Society 109(4): 893–907.

Halpert, A.P., Garstka, W.R., Crews, D. (1982): Sperm transport 

and storage and its relation to the annual sexual cycle of the 

female red-sided garter snake (Thamnophis sirtalis parietalis). 

Journal of Morphology 174: 149–159.

Khouri, R.S., Almeida-Santos, S.M., Fernandes, D.S. (2020): 

Anatomy of the reproductive system of a population of 

Amerotyphlops brongersmianus from southeastern Brazil 

(Serpentes: Scolecophidia). The Anatomical Record 303(9): 

2485–2496.

Loebens, L., Cechin, S.Z., Theis, T.F., Moura, L.B., Almeida-

Santos, S.M. (2017): Reproductive biology of Philodryas 

patagoniensis (Snakes: Dipsadidae) in south Brazil: male 

reproductive cycle. Acta Zoologica 98(4): 329–339.

Mann, H.B., Whitney, D.R. (1947): On a test of whether one of two 

random variables is stochastically larger than the other. Annals 

of Mathematical Statistics 18(1): 50–60.

Massey, F.J. (1951): The Kolmogorov–Smirnov test for goodness 

of ¿t. Journal of the American Statistical Association 46(253): 

68–78.

Migliore, S.N., Ramalho, R.A., Araújo, G.S., Almeida-Santos, S.M. 

(2024): Cycle of the sexual segment of the kidney: histological 

insights into the role of the urinary tract in the reproduction of 

male Notomabuya frenata (Squamata: Scincidae). Zoology 162: 

126146.

Pewhom, A., Vanikasampanna, A. (2024): Microanatomy of the 
testes and male genital ducts of banded krait Bungarus fasciatus 

(Schneider, 1801). Trends in Sciences 21(10): 8332.

Pleguezuelos, J.M., Feriche, M. (1999): Reproductive ecology of 

the horseshoe whip snake (Coluber hippocrepis) in the Iberian 

Peninsula. Journal of Herpetology 33(2): 202–207. 

Prasad, M.R.N., Reddy, P.R.K. (1972): Physiology of the sexual 

segment of the kidney in reptiles. General and Comparative 

Endocrinology 3: 649–662.

Saint Girons, H. (1972): Morphologie comparée du segment sexuel 

du rein des squamates (Reptilia) [Comparative morphology 

of the sexual segment of the kidney in squamates (Reptilia)]. 

Archives d’Anatomie Microscopique et de Morphologie 

Expérimentale 61: 243–266.

Sever, D.M., Rheubert, J.L., Gautreaux, J., Hill, T.G., Freeborn, 

L.R. (2012): Observations on the anterior testicular ducts in 

snakes with emphasis on sea snakes and ultrastructure in the 

yellow-bellied sea snake, Pelamis platurus. The Anatomical 

Record 295(5): 872–885.

Sever, D.M., Stevens, R.A., Ryan, T.J., Hamlett, W.C. (2002): 

Ultrastructure of the reproductive system of the black swamp 

snake (Seminatrix pygaea). III. Sexual segment of the male 

kidney. Journal of Morphology 252(3): 238–254.

Silva, K.M.P., Braz, H.B., Kasperoviczus, K.N., Marques, O.A.V., 

Thanaphon Likhityungyuen & Panas Tumkiratiwong694



Almeida-Santos, S.M. (2020): Reproduction in the pitviper 

Bothrops jararacussu: large females increase their reproductive 

output while small males increase their potential to mate. 

Zoology 142: 125816.

Silva, K.M.P., Almeida-Santos, S.M., Lobo, L.M., Bravo-Vega, 
C.A., Grassi Rici, R.E., Sasa, M. (2022): Morphology and 

seasonality of the sexual segment of the kidney in genus 

Bothrops snakes. Journal of Morphology 283(2): 236–249.

Thongboon, L., Senarat, S., Kettratad, J., Jiraungkoorskul, W., 

Pengsakul, T., Wangkulangkul, S., et al. (2020): Morphology 

and histology of the female reproductive tract of the dog-faced 

water snake Cerberus rynchops (Schneider, 1799). Maejo 

International Journal of Science and Technology 14(1): 11–26.

Trauth, S.E., D.M. Sever. (2011): Male urogenital ducts and cloacal 

anatomy. In Reproductive Biology and Phylogeny of Snakes, 

p. 411–475. Aldridge, R.D., Sever D.M., Eds., Boca Raton, 

Florida, USA, CRC Press.

Tumkiratiwong, P., Meesuk, W., Chanhome, L., Aowphol, A. 

(2012): Reproductive patterns of captive male and female 

monocled cobra, Naja kaouthia (Lesson, 1831). Zoological 

Studies 51(5): 692–700.

Spermatozoa in the kidney and urogenital morphology of male Monocled Cobras 695

Accepted by Rishab R. Pillai


