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ABSTRACT 
 
The purpose of this study is to describe, in detail, the ultrastructure of the 

infundibulum of the sexually mature and active female green iguana, Iguana 

iguana. The infundibulum of five iguanas was remarkably distinct from the uterus, 

and was also clearly demarcated into cranial (expanded v-shaped) and caudal 

(tubular) divisions. Tissue samples obtained from five portions (three from the 

cranial division and two from the caudal division) of the infundibulum were 

processed conventionally for light and electron microscopy. The epithelial lining of 

the most anterior, middle, and posterior, parts of the cranial division displayed non-

ciliated cells predominantly, and occasional ciliated cells. The numerous secretory 

granules in non-ciliated type 1 cell found in the fimbrial aspect of the infundibulum 

were homogenous and deeply electron-dense, but those in the other two regions 
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were variants of this cell type because they contained variably electron-dense 

secretory granules. Two main types of non-ciliated cells (type 2 and its variant, 

type 3, as well as type 4) occurred in the epithelial lining of the caudal division of 

the infundibulum, but they, significantly, showed no dense secretory granules. 

Whereas the non-ciliated type 2 cell and its variant (type 3 cell) contained large 

glycogen deposits, the type 4 cell lacked these deposits but its apical part 

contained large lipid-like droplets and, remarkably, blebbed into the duct lumen. 

The non-ciliated cells lining the mucosal tubular glands contained highly electron-

dense secretory granules, which were similar to those found in the non-ciliated 

type 1 cell in the epithelial lining of the fimbrial part of the cranial division of the 

infundibulum.  
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INTRODUCTION        

 

The reptilian oviduct is an intricate organ that carries out a multitude of functions, 

which include fertilization, sperm storage, egg shell deposition, embryo 

maintenance, and parturition (Blackburn, 1998, Girling, 2002). Lizards within the 

Squamata order exhibit a variety of reproductive patterns that include the presence 
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of viviparous and oviparous species (Blackburn, 1982, 2006; Shine 1985, Girling, 

2002). The oviduct of reptiles comprises, cranio-caudally, the infundibulum, 

magnum, isthmus, uterus and vagina (Girling et al., 1998). The literature is replete 

with variations in the oviductal regions recognized, and the terminology used to 

distinguish these regions differs from one species to another (Blackburn, 1998, 

Girling et al., 1998, Girling, 2002). Studies by Fox (1963) and Blackburn (1998) 

recognize three separate regions the oviduct of lizards, cranio-caudally, as the 

infundibulum, uterus and vagina. Cuellar (1966), however, recognized an 

additional region known as the ‘tube’, thus dividing the oviduct into four regions 

(infundibulum, tube, uterus and vagina). Although it is generally agreed that the 

most anterior part of the oviduct is the infundibulum, there are, however, 

differences in the interpretation of the end of this region relative to the succeeding 

‘uterus’. Blackburn (1998) and Siegel (2015) report that various ‘functional regions’ 

are easily noticeable in gravid adult reptiles, although in several squamate species 

the infundibulum could not be differentiated from the uterus (Halpert et al., 1982; 

Adams and Cooper, 1988; Aldridge, 1992; Shanthakumari et al., 1992). The 

infundibulum in certain reptiles has been recognized to have two segments, 

anterior and caudal (Palmer and Guillette, 1988; Al-Amri, 2012; Siegel et al., 2015). 

 

The green iguana, Iguana Iguana, is an oviparous lizard (Blackburn, 1998) within 

the Squamata order and family, Iguanidae (Etheridge, 1982; Frost and Etheridge, 

1989; Macey et al., 1997). Squamates, among reptiles, exhibit the greatest 

amount of variation in their life history (Manriquez-Moran et al., 2013) as well as in 
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their reproductive cycles (Shine, 1985), probably influenced by a number of factors 

such as the environment, phylogeny, and parity mode (Méndez-de la Cruz et al., 

1998). Green iguanas reproduce annually and typically reach the size of sexual 

maturity between 1.5 and 3 years of age (Rodda, 2003). Body size is thought to 

be a determining factor in the sexual maturity of the green iguana, and 

reproduction occurs when the head and trunk length reaches 224–295 mm [8.81–

11.61 in] (Cole, 1966; Mason, 1992). The clutch size of the iguana is markedly 

variable (9 to 71 eggs) depending on body size, nutritional status, and maturity of 

the female (Hirth, 1963; Müller, 1972; Fitch & Henderson, 1977; Rand, 1984). The 

female green iguana has a functionally developed left and right ovary and oviduct, 

respectively, and they lie dorsally on either side of the body cavity (Blackburn, 

1998; Fox, 1977). 

 

Girling (2002) encapsulates the dilemma of biologists when she said, “Although 

the oviduct has long been an organ of interest, understanding of its functions is 

still in its infancy. This is especially apparent when compared with the advances 

made for other vertebrates.”   Reports on studies of the reptilian oviduct, grossly 

and histologically, are numerous (Fox, 1977; Guillette and Jones, 1985; Uribe et 

al., 1988; Palmer et al., 1993; Perkins and Palmer, 1996; Girling et al., 1997, 1998; 

Al-Kindi et al., 2006; Machado-Santos et al., 2015) but there are very few 

ultrastructural studies of this organ in the reproductive cycle (Girling, 1998).    

The purpose of this study is to identify the relative position, gross, histological, and 

ultrastructural features of the infundibulum of the green iguana, with a view to 
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contributing to knowledge and understanding of this segment of the oviduct in this 

squamate reptile found commonly in the Lesser Antilles. These reptiles are kept 

as pets by persons or used as a source of animal protein by others. Studies of the 

reproductive cycle of the green iguana are planned, and detailed structural 

features of the regions of the oviduct are necessary and invaluable in pursuance 

of this objective. 

 

MATERIALS AND METHODS 

The animal procedures used in this study were approved by the Institutional Animal 

Care and Use Committee (Approval # IACUC18005-R) of the St. George’s 

University. In addition, the Ministry of Agriculture of Grenada, granted approval for 

the trapping and removal of female green iguanas, Iguana iguana from their natural 

habitat. Tissues from the oviduct of five sexually mature, healthy, and active female 

iguanas were humanely caught, using nets and ropes by local hunters, on the 

island of Carriacou. A physical examination was performed on each female iguana 

to ensure only healthy iguanas were used in the study. Thereafter, the iguanas 

were euthanized by an overdose of ketamine infused into the coelomic cavity, and 

subsequently decapitated, using a guillotine. The abdominal cavity was quickly 

opened through a midventral incision, grossly assessed in situ and the oviduct was 

excised. Tissues were taken from animals that were gravid or in which the ovary 

had Graafian follicles ready to ovulate. This was done to confirm that the oviduct 

was in the most active phase of the reproductive cycle. Tissues from both the 

fimbrial and tubular parts of the infundibulum (as shown in Fig.1) were cut into 
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millimeter squares and quickly fixed by immersion in 3% glutaraldehyde solution 

buffered in 1.0 M phosphate buffer at pH 7.4.  The tissue blocks were subsequently 

post-fixed in similarly buffered 1% Osmium tetroxide for 2 h, dehydrated in a series 

of graded ethanol concentrations, and embedded in epoxy-resin at a ratio of 1:2 

for 1 h, 1:1 for 2 h, and 100% resin overnight.  Semi-thin sections, of 1 μm 

thickness, were cut with a diamond knife and stained with toluidine blue. Ultra-thin 

(50–90 nm) sections of selected areas were cut on a Reichert-Jung Ultracut (C. 

Reichart AG, Vienna, Austria) using a diamond knife, collected onto copper grids, 

and stained with Reynold’s lead acetate and counterstained by using an aqueous 

saturated solution of uranyl citrate (Ayache et al. 2010). The sections were 

examined and photographed in a Phillip CM 10 transmission electron-microscope-

TEM (Phillips Electron Optical Division, Eindhoven, Netherlands), operated at 80 

kV.   

 

Tissues obtained from various parts of the infundibulum for histological studies 

were, respectively, fixed in Bouin’s fluid and buffered formalin for, at least, 24h, 

and thereafter dehydrated in ascending grades of ethanol, embedded in paraffin, 

sectioned at 5μm, and stained with hematoxylin and eosin (H&E). The sections 

were subsequently examined under an Olympus BX 63® (Olympus Corporation, 

Tokyo, Japan) microscope, and appropriate photographs taken. 
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Fig. 1: A -- an adult sexually mature and active female iguana. The ovary is filled 
with ready-to-ovulate follicles covered by a thin, translucent membrane. The 
oviduct extends from the fimbrial end (broad black arrow) to the vagina (last 
white broad arrow). B: the right oviduct contains several developing eggs 
between the end of the infundibulum and the beginning of the vagina. 
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RESULTS 

 

Prior to ovulation, the ovaries of the sexually mature and active female green 

iguana displays Graafian follicles of similar sizes and colour, all of which are 

covered with a transparent membranous covering  (Fig. 1 A). The oviduct extends 

from an easily identifiable anterior, expanded fimbrial end of the infundibulum 

through the uterus to the vagina that opens into the cloaca, posteriorly (Figs. 1 and 

2). At ovulation, the oviduct picks up the ova that are linearly arranged, antero-

posteriorly along the length of the oviduct (Fig. 1 B). 

 

Grossly, the infundibulum of the green iguana is funnel-shaped (Fig. 2), with the 

anterior/cranial v-shaped or fimbrial part being wide, almost transparent, and 

opening through the ostium into the coelomic cavity in the region of the ovary, and 

the caudal part, which is narrow, straw-colored and tubular, and is continued 

posteriorly with the rest of the oviduct, at an easily recognized junction with the 

uterus (Fig. 2A, B). 
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Fig. 2: A (with no developing eggs) and B (with developing eggs) show gross features of the oviducts of sexually mature and active 
iguanas. Cr and Ca areas constitute the cranial and caudal divisions of the infundibulum, respectfully. Tissues were obtained from 
the most proximal part (white star), middle (black star), and distal (white arrow) of the fimbrial or cranial division (Cr) of the 
infundibulum. In the caudal division, tissues were obtained from the regions of white arrows, numbers 1 and 2. Black arrow = 
junction between the infundibulum and uterus (Ut) of the oviduct. In B, a developing egg (Eg) is in the proximal part of the uterus. 
Vg = vagina; Rec = rectum; Clo = cloaca. 
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Histologically, three main areas are recognized based on their cell content and 

characteristics. The epithelial lining of the most anterior aspect of the fimbrial 

portion of the infundibulum is generally smooth-surfaced in profile (Fig. 3 A). The 

lamina propria is relatively thin, displays prominent blood vessels (Fig. 3), and is 

surrounded by thin layers of smooth muscle. The epithelial lining extends onto/over 

the outer wall of the fimbrial region for some length along that surface before 

yielding to the serosa (Fig. 3 A). The cuboidal to low columnar epithelium 

comprises mainly non-ciliated cells, with a few ciliated cells interspersed between 

them. The nuclei are irregular in shape and occupy the basal two-thirds of the 

cytoplasm (Fig. 4). The middle to posterior end of the infundibulum has relatively 

thicker walls, displaying mucosal folds with the epithelium containing more ciliated 

cells than in the most anterior part of the infundibulum. The thicker lamina propria 

is better defined and surrounded by well-developed smooth muscle layers (Fig. 3 

B, D). Posterior to the expanded fimbrial part of the anterior segment, the mucosal 

folds are higher, and the grooves between adjacent folds are narrow and deep 

(Fig. 3 B, C). These folds yield to lower and broader mucosal folds that contain 

simple tubular or mucosal glands arranged in a single row within the sub-epithelial 

region of the lamina propria (Fig. 3 D). The structural features and variations in 

these segments of the infundibulum are best illustrated at the ultrastructural level. 

There was little connective tissue in the lamina propria, blood vessels are well 

developed, but the muscle layer was very thin (Fig. 3).  
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Fig. 3: A is a thick plastic section of the fimbrial part of the infundibulum stained with toluidine blue. Ep = epithelial lining, white 
double arrows = junction between the epithelium and serosa (Se) covering the fimbrial part of the infundibulum, Bv = blood vessels. 
B Middle to distal parts of the infundibulum. Mf = fold of mucosa, Gr = pits/grooves of the folds, Se = serosa, Mu = muscle layer. C 
shows a few ciliated cells (CC) interspersed between preponderant non-ciliated cells (NC) in the epithelial lining (Ep). Bv = blood 
vessel, La = lamina propria, Gr = pit/groove of mucosal fold. D shows wall of the tubular (caudal division) of the infundibulum. Ep = 
epithelial lining, Tg = tubular or mucosal gland, Bv = blood vessel, Mu = muscle layer, Se = serosa. Inset is a higher magnification 
of the epithelium (Ep) and tubular gland (Tg). Lu = lumen, white star = lumen of tubular gland. 
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Ultrastructurally, the fimbrial part of the epithelial lining is columnar with its luminal 

surface being a slightly irregular in outline due to some cells protruding moderately 

into the lumen compared to others (Fig. 4). The epithelium comprises non-ciliated 

cells mainly, and very few, randomly, interspersed ciliated cells (Fig. 4). The non-

ciliated cells in this zone of the infundibulum are named non-ciliated type 1 cell 

because they are different from those in the more posterior zones of the 

infundibulum. The apical plasma membrane of the non-ciliated, but not of the 

ciliated cells, tended to protrude slightly into the ductal lumen and is thrown into 

numerous short microvilli (Fig. 4). The cytoplasm of this cell is moderately electron-

dense and houses a highly irregularly shaped, elongated nucleus occupying up to 

half of the length of the cell (Fig. 4). The nuclei, which appear lobulated, are 

generally euchromatic, with chromatin margination and interspersed, small, 

irregularly shaped clumps of chromatin in the nucleoplasm (Figs. 4 B and 5 A). The 

supranuclear region of the cell contains numerous dense secretory granules of 

varying, but mostly oval shapes, and secretory granules may be seen being 

released into the lumen (Fig. 4 B).  The infranuclear region contains numerous lipid 

droplets (Figs. 4 A and 5 A). The mitochondria are uniformly scattered within the 

cytoplasm, and mostly linearly arranged along the long axis of the cell. A few 

vacuoles are seen among the secretory granules. The ciliated cells are similar to 

those in the more posterior part of the infundibulum, where they will be described 

fully. The epithelium lies on an irregularly shaped basal lamina (Fig. 4 A) supported 

by bundles of collagen fibers. The muscular coat is thin.  
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Fig. 4: In A, the epithelium of the most proximal aspect, or ostial end, of the fimbrial portion of the infundibulum displays only non-
ciliated type 1 cells (NC1 ) with elongated and irregularly shaped nuclei (Nu) and dense secretory granules (Sg), Lp = lipid droplets, 
Co = collagen bundles, Mu = muscle layers, Bl = basal lamina. B shows epithelium of the middle part of the cranial division of the 
infundibulum, displaying an occasional ciliated cell (CC) with cilia (Ci) and the predominant non-ciliated cells type 1 (NC1). Mv = 
microvillus, Ex = secretory granules being exteriorized by apocrine secretion process, Mt = mitochondria. 
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The middle part of the fimbrial region gradually narrows as it progresses toward 

the tubular part, the non-ciliated cells in this region are a variant of the non-ciliated 

type 1 cell because they contain more compactly laden with secretory granules of 

varying electron-density, which may be due to varying stages of formation (Fig. 5). 

In addition, lipid droplets also appear, interspersed among the secretory granules 

and mainly in the infranuclear region of the cell (Fig. 5 A). The lamina propria is 

thicker than in the anterior part of the infundibulum, and the muscle layers are 

moderately developed (Fig. 3). 

 

As the fimbrial part narrows further, caudally, the mucosa forms prominent folds, 

the crests of which are made up mainly of ciliated cells, with the grooves between 

the folds being occupied exclusively by non-ciliated type 1 cells, that are of similar 

composition as those described for the fimbrial part of the duct (Fig. 6). The 

cytoplasm of the ciliated cell is less electron-dense than that of the non-ciliated 

type 1 cell, but the nuclei are similar to those of the non-ciliated type 1 cells in 

being irregularly-shaped, and with chromatin margination and scattered clumps of 

dense chromatin in the nucleoplasm (Fig.  6). In the subapical or supranuclear 

region of the cytoplasm of the ciliated cell, there is an aggregation of mitochondria, 

which are mostly linearly arranged along the long axis of the cell (Fig. 7). The 

mitochondria have electron-dense matrix and well-formed cristae (Fig. 7 B). A few 

bundles or strands of intermediate filaments may be seen in the cytoplasm (Fig. 7 

B).  
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Fig. 6: At the most distal part of the cranial division of the infundibulum (i.e., the junction between the cranial and caudal divisions of 
the infundibulum), the grooves (black star) between the mucosal folds (broad block arrows) are deep and contain only non-ciliated 
type 1 cells (NC1), while the crests of the folds are made up of mostly ciliated cells (CC), Sg = dense secretory granules, Lp = lipid 
droplets, Lu = lumen, Co = collagen bundles. 

15



 

Fig. 7: A exhibits ciliated cells in the mucosal folds of the distal part of the cranial division of the infundibulum displaying linearly 
elongated, irregularly shaped, nuclei (Nu), aggregations of supranuclear mitochondria (Mt), Ci = cilia, Vc = multivesicular body. B is 
an enlarged subapical part of the CC, Lu = lumen, Mt = mitochondria, Jc = elements of the junctional complex, Vc = multivesicular 
body or vacuole, Fb = microfibrillar bundles. 
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Prior to the tubular part proper or caudal segment of the infundibulum, the 

epithelium of the duct displays fewer and lower mucosal folds, which comprise 

both non-ciliated and ciliated cells, with the latter cell type predominating  (Fig. 8 

A]. The non-ciliated cells are variants of non-ciliated type 1 cell found in the more 

anterior parts of the epithelial lining of the infundibulum, in being laden with 

secretory granules of varying electron-density in the supranuclear region and 

mostly lipid droplets in the infranuclear region (Fig. 8 A, B), the ciliated cells display 

deposits of glycogen granules surrounding the nucleus (Fig. 8 A, B).      

                          

The caudal, narrow, tubular zone of the infundibulum displays a columnar epithelial 

lining of the duct lumen and mucosal or tubular glands in the lamina propria (Fig. 

9). The epithelial lining comprises alternating non-ciliated and ciliated cells, but 

with the ciliated cells predominating (Fig. 9). In the luminal epithelium, three types 

of non-ciliated (types 2, 3 and 4 cells, based on their content and disposition, are 

present. The cytoplasm of the non-ciliated type 2 cell is more electron-lucent than 

that of the non-ciliated type 3 cell, and its subapical cytoplasm contains numerous 

small, clear vacuole-like spaces and one or two large lipid droplets (Fig. 10). The 

euchromatic nucleus shows only a slight chromatin margination and a few, small 

clumps scattered in the nucleoplasm (Fig. 10). Glycogen deposits usually surround 

the nucleus or are concentrated in the infranuclear region of the cell (Figs. 9 and 

10 A, C). Although mitochondria are numerous in the cytoplasm, dorsal and lateral 

to the nucleus (Fig.10), they are remarkably and tightly packed in the infranuclear 

region (Fig. 9 and 10 B). The non-ciliated type 3 cell has an electron-dense 
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Fig. 8: A shows epithelial lining of the most distal part of the cranial (fimbrial) division of the infundibulum. Both NC1 and CC 
appear alternately, but with a preponderance of CC. NC1 exhibits dense secretory granules (Sg) of varying electron-density and 
glycogen deposits (Gly), magnified in the inset. In B, which is a higher view of the NC and CC, the CC display glycogen deposits, 
the NC1 shows secretory granules of varying electron-density, mostly in the supranuclear region, and numerous lipid droplets (Lp) 
in the infranuclear zone. Nu = nucleus, Cb = ciliary body. 
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cytoplasm relative to other non-ciliated type cells, and the sub-apical cytoplasm 

lacks obvious structural features. However, the supranuclear, perinuclear, and, in 

particular, the infranuclear regions contain large amounts of glycogen deposits 

(Fig. 10 A, C), making such cells appear to bulge out basally. The non-ciliated type 

4 cell has its apical part protruding into the duct lumen (Figs. 10 C and 11 A).  The 

protruded part of cytoplasm has an irregular outline, and contains an aggregation 

of large, secretory granules that may be of varying content and density.  Long, 

electron-dense mitochondria may lie on either side of these secretory granules 

(Fig. 11 B). The nuclei have irregular outlines and are linearly arranged in the 

middle of the cell.  The infranulear region contains lipid-like aggregations or 

secretory granules (Fig. 11 A). The nucleus of the ciliated cell is similar in 

configuration to that of the non-ciliated type cell, and is also surrounded by 

deposits of glycogen (Fig. 9 and 10 A). Numerous mitochondria, that are much 

smaller in diameter than those of the non-ciliated type cells, occur in the 

supranuclear region of the cytoplasm (Figs.10 C).    

19



 

 

Fig. 9: A survey micrograph of the epithelial lining and lamina propria of the 
tubular or caudal division of the infundibulum. The luminal epithelial lining of the 
organ displays two types of cells, NC (type 2) and CC, glycogen deposits (arrow), 
infranuclear mitochondrial aggregation (star), Bv = blood vessel, up-down and 
left-right arrows = show thin barrier between the epithelial lining and the 
subepithelial blood vessels. Co = thick collagen bundles separating the epithelial 
lining of the segment from the tubular or mucosal glands in the lamina propria, Lu 
= the oviduct lumen or tubular gland lumen.  
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Fig. 10: Caudal division or tubular part of infundibulum of the oviduct. A shows a 
variant of non-ciliated cell, NC2, displaying a few, large vacuoles (Vc) and 
numerous small vacuoles (white arrow) in the subapical zone and numerous, 
short mitochondria (Mt) in the immediate supranuclear region of the cytoplasm. 
The linearly aligned nuclei (Nu) have irregular outlines and are surrounded by 
deposits of glycogen (Gly). CC = ciliated cell. Lu = oviduct lumen. B shows tightly 
packed mitochondria (star) in the infranuclear region of the NC2. C shows NC3 
and NC4 and CC in the epithelium lining the tubular part or caudal division of the 
oviduct. NC3 has an electron-dense cytoplasm, expanded base, and a 
horizontally elongated nucleus with an uneven surface. Inset is a higher 
magnification of the part of NC 3 (rectangle) displaying glycogen accumulation. 
Mt = short, aggregated mitochondria, Gly = a large infranuclear deposit of 
glycogen. NC4 shows a bleb (white block arrow) into the duct lumen, Sg = large 
subapical secretory vacuoles of varying sizes and electron-density. 
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The tubular or mucosal glands are few, oval in shape, and form only a row of glands 

beneath the epithelium (Figs. 3 D, and 9). The epithelium of the tubular glands is 

tall columnar and comprises only non-ciliated cells surrounding a common, central 

lumen (Figs. 3 D, 9, and 12). The individual tubular glands are surrounded by 

compact bundles of collagen fibers, and unlike the lining of the duct segment, blood 

vessels are not found close to the glands (Fig. 9). The nucleus of the cell varies in 

shape, from oval to elongated (Figs. 3 D, 9, and 12 A) in shape, and is situated 

basally in the cell. It is generally euchromatic with a little chromatin margination 

and small, scattered, clumps of heterochromatin in the nucleoplasm. The 

supranuclear region of the gland cell is laden with highly electron-dense secretory 

granules (Fig. 12), with interspersed lipid droplets (Fig. 12). The immediate sub-

apical zone of the cell displays a number of small, clear, foam-like spaces, which 

appear as extracted lipid droplets (Fig. 12 B). The infranuclear region of the cell 

(Fig. 13 A, B) contains scattered mitochondria, a few dense granules and 

numerous lipid droplets.  Numerous, small, electron-lucent spaces are often seen 

to coalesce with the large lipid droplets (Fig. 13 B).  

 

The lamina propria overlies the circular and longitudinal smooth muscles, which 

are very thin and poorly differentiated, especially in the more anterior parts of the 

infundibulum (Figs. 3 D and 13 C), and which are much better developed in the 

caudal segment of the infundibulum. Collagen bundles abound in the lamina 

propria, and lie between the serosa and deeper structures, as well as between 

muscle layers. Thick and compact bundles of collagen lie between the tubular or 
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Fig. 11: A -- NC4 with blebs (white block arrows) protruding into the duct lumen. The supranuclear cytoplasm contains numerous 
secretory granules (Sg) of varying content and electron-density. The nucleus is vertically oriented within the cytoplasm, with an 
irregular outline. The infranuclear zone contains numerous lipid droplets (Lp). Lu = lumen of the duct, Nu = nucleus, Mt = 
mitochondria; CC = ciliated cell. B – supranuclear region of the NC4 containing compactly packed vacuole-like secretory granules 
of varying electron-density (Sg) surrounded by elongated mitochondria with electron-dense matrix (Mt), Jc = junctional complex. 
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Fig. 12: A is a survey micrograph of a tubular or mucosal gland displaying cells laden with electron-dense secretory granules (Sg), 
Bl = basal lamina, Lp = lipid droplets. B and C are apical parts of the cytoplasm. White arrowheads = small electron-lucent 
vacuoles, Sg = moderately electron-dense secretory vacuoles, SER = smooth endoplasmic reticulum, Jc = junctional complexes, 
Lu = duct lumen, Lp = lipid droplets. 
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Fig. 13: Basal part of the tubular or mucosal gland epithelium. In A, numerous lipid droplets (Lp) in the infranuclear region, D = 
dense granule, Mt = mitochondria, Bl = basal lamina. In B, numerous, small droplets (Pl) abound in the infranuclear region and are 
seen to contribute to the formation of large lipid droplets (Lp). Black arrows = fusion of small lipid droplets with the large ones, up-
down arrows = fusion of large lipid droplets. Bl = basal lamina, Co = collagen bundles. In C, Mu = smooth muscle bundles, irregular 
outline of serosa (Se) with its elongated and irregularly shaped nuclei (Nu). 
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mucosal gland and the ductal epithelial lining (Fig. 9). The serosa is generally 

irregular in outline (Fig.13 C), and contains irregularly elongated, euchromatic, 

nuclei with moderate chromatin margination.  

 

DISCUSSION 

 

The infundibulum was clearly and easily distinguished from the uterus, based upon 

their gross features and colour differences in the sexually mature and active green 

iguana. The gross features of the infundibulum of the green iguana are similar to 

those reported for most reptiles in terms of position and general structure.  

According to Girling (2002), changes in the mucosa of the infundibulum in certain 

reptilian species were sufficient to divide this segment of the oviduct into anterior 

and posterior regions.  The ostium is wide and has fimbria-like processes that can 

surround the ovary or ovum. The lining epithelium of the lumen runs over the lateral 

aspect of the fimbriae up to a certain level before terminating and yielding to the 

serosa, as has been reported in the gecko (Girling, 1998). The significance of this 

is unknown.  

As has been observed in the green iguana, Siegel et al. (2015), in their review, 

show that several taxa of squamates and lizards display two main portions of the 

infundibulum: the cranial division and the caudal division. They state that 

glandular-like invaginations, given varying names, occur at the boundary or 

junction between these two divisions, as has also been found in the iguana. The 

invaginations have been referred to as ‘crypts’ or ‘sacs’ in various lizards, for 
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example, in the Podarcis sicula (synonym: Lacerta sicula) (Botte 1973b), 

Sceloporus bicanthalis (Guillette and Jones 1985; Villagrán-Santacruz et al., 

2017), Sceloporus aeneus (Guillette and Jones 1985), Keeled Earless Lizard 

(Holbrookia propinqua; Adams and Cooper 1988), and Lepidodactylus lugubris 

(Saint-Girons and Ineich 1992). Variants of these grooves or crypts have been 

variously described and referred to as branched tubular glands in Hemidactylus 

mabouia (Nogueira et al. 2011), alveolar glands in Hoplodactylus maculatus 

(Girling et al. 1997), or plain “glands” in H. duvaucelii, Hemidactylus turcicus, 

Saltuarius wyberba, in the black swamp snake, Seminatrix pygaea (Sever and 

Ryan, 1999), Sphenomorphus fragilis (Guillette 1992), in the Fossorial Snake, 

Apostolepis gaboi (Braz et al., 2019). Amerotyphlops brongersmianus  (Khouri et 

al., 2020), and the Amazonian lancehead, Bothrops atrox (Silva, et al., 2020). It is 

generally agreed that the epithelium of these crypts is columnar and comprises 

ciliated and non-ciliated cells, as found in the lining epithelium of the oviduct.  

Although spermatozoa were not seen in these deep grooves or crypts in the iguana 

studied, several authors regard them as sperm storage sites. We agree with this 

assertion because the grooves were similar, structurally, to those found in birds 

(Van Drimmelen, 1946; Fujii and Tamura, 1963; Bakst and Bird, 1987), which act 

as temporary storage sites for spermatozoa. Robbins et al. (2021) noted that 

seminal receptacles or crypts in squamates are generally found in the vagina (non-

glandular uterus) or anterior oviducts (posterior uterine tube and infundibulum), 

with considerable variation in both number and placement (Cuellar 1966; Girling 

2002; Sever and Hamlett 2002; Eckstut et al. 2009; Siegel et al. 2015).      
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In this study, the caudal division of the infundibulum of the green iguana displayed 

simple tubular glands in the lamina propria. The glands in the posterior 

infundibulum and vagina of Seminatrix pygaea and Agkistrodon piscivorus have 

been described as simple or compound tubular, whereas glands in the uterus were 

simple tubular (Sever and Ryan, 1999).  

It must be stressed that the mucosal tubular glands of the iguana comprised only 

non-ciliated cells surrounding a small lumen. With regard to sperm storage sites in 

the entire oviduct, Siegel et al. (2015) has observed correctly that ‘a considerable 

amount of variation has been found in the ultrastructure of female sperm storage 

in the few lizards that have been examined and the data from light microscopy on 

other lizards hint that the full panoply of variation has yet to unfold.’    

Cytologically, the luminal epithelium of the fimbrial part comprises mainly non-

ciliated type 1 cells, with few interspersed ciliated cells. Girling (1997, 1998), 

Guillette et al. (1989), Uribe et al. (1988), Perkins and Palmer (1996), Nogueira et 

al. (2011), Siegel et al. (2015) indicate that the epithelium of the fimbrial end of the 

infundibulum in several reptilian species comprises ciliated cells, predominantly. 

In their study of the oviduct of the green iguana, Tsuruno et al. (2011) observed, 

inter alia, that ‘almost none of the epithelial cells had cilia, although a small number 

of epithelial cells with poorly developed cilia were present’, as corroborated in the 

present study. Therefore, it is clear that there is either a discrepancy in specific 

observations or that there is a great deal of variation in cellular content of the 

epithelium of the infundibulum of the reptilian oviduct.  

There are no marked structural differences in the non-ciliated type cells in the 
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anterior part of the infundibulum but those in the more posterior parts have 

secretory granules that are variably electron-dense. All the non-ciliated type 1 cells 

are laden with secretory granules, some of which can be seen undergoing 

exocytosis. This indicates that the non-ciliated cells in this part of the infundibulum 

employ merocrine type of secretory activity. No other form of secretory activity has 

been observed. It is not inconceivable that the fimbrial part of the infundibulum 

does secrete some substance that is incorporated in the ovum as it passes 

through. It is noteworthy that the infundibulum is ideally placed to secrete materials 

directly onto the ovulated egg prior to albumen and shell secretion (Girling, 2002). 

Palmer et al. (1993) consider that secretory material is deposited around the ovum 

as soon as it enters the fimbrial part of the infundibulum in oviparous lizards. The 

nature of the secretions added to the ovum are not known to-date, but it is 

speculated that they may be albumen proteins (Palmer et al., 1993) or just mucus 

for the lubrication of the oviduct in facilitation of egg passage (Botte, 1973; Aitken 

and Solomon, 1976; Girling et al., 1997, 1998). In the lizard, Podarcis sicula, 

alkaline and acid phosphatase was observed along the cells of the epithelium in 

the infundibulum. Botte (1973b) speculated that these cells are involved in 

secretory activities especially because of the presence of the enzyme alkaline 

phosphatase along the walls of blood vessels and capillaries.  

The distal part of the cranial division of the infundibulum first displays mucosal 

folds, the crests of which are mainly lined by ciliated cells, with non-ciliated type 1 

cells occupying the grooves. As this portion runs more distally, the mucosa 

transforms into low, broad folds, which, along with the grooves between them, are 
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lined by a similar epithelium containing both ciliated and non-ciliated cells. 

However, the latter cells, which are variants of the non-ciliated type 1 cells exhibit 

secretory granules of varying electron-density. This might indicate differences in 

the formative process of the granules or in their respective constitution. 

Remarkably, the ciliated cells contain aggregations or deposits of glycogen. The 

staining of the tissue sections with lead citrate is a pre-requisite for the 

identification of glycogen granules or deposits in electron microscopy (Revel et al., 

1960; Revel, 1963; Lafontaine & Allard, 1964; Fawcett, 1981).  Although very little 

is known of the nature of secretions produced by the infundibulum (Girling, 2002), 

the non-ciliated cells of the infundibulum of three species of the gecko were 

positive for carbohydrate that occurred as numerous secretory granules of varying 

electron density in the apical regions of cells (Girling et al., 1998). However, in the 

present study and in this part of the infundibulum, the non-ciliated type 1 cell and 

its variant did not show glycogen deposits.  

 

In the caudal division of the infundibulum or tubular part of the infundibulum, not 

only did the luminal epithelium contain three types of non-ciliated cells that were 

different from the non-ciliated type 1 cell in the cranial division of the infundibulum 

with regard to content, but also, this portion of the oviduct displayed a row of sub-

epithelial, simple, non-branched, tubular or mucosal glands in the lamina propria. 

Whereas the epithelial lining had a number of sub-epithelial blood capillaries, they 

were not found around the tubular glands, probably indicating that the epithelial 

lining was a very active part of the duct. There were three types of non-ciliated 
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cells (types 2, 3, and 4) in the epithelial lining of the tubular part of the infundibulum. 

The non-ciliated type 2 cells in the epithelial lining of the infundibulum contained 

dense aggregations of mitochondria in the infranuclear region of the cell, and 

glycogen deposits in that part of the cytoplasm surrounding the nucleus. It is 

interesting that the non-ciliated types of cells in the tubular part of the infundibulum 

did not display any obvious secretory granules that were seen in the cranial 

division of the infundibulum, a possible reflection of differences in content or 

composition of their secretion(s), too. It is noteworthy that this is the first time that 

glycogen deposits have been described in the oviduct of any reptile, 

ultrastructurally. The apical end of a variant of one of the non-ciliated type 2 cell, 

i.e. the non-ciliated type 3 cell, did not project into the duct lumen, but its 

infranuclear region was filled with large accumulations of glycogen. Although the 

apical portions of the non-ciliated type 2 protruded slightly into the duct lumen, 

there was no evidence of apocrine or holocrine activity.  The presence of a large 

number of lipid droplets in both the supranuclear and infranuclear regions of the 

non-ciliated type 2 cytoplasm may be an evidence of lipid secretion into the lumen 

of the duct by these cells. The |non-ciliated type 4 cells in the tubular part of the 

infundibulum are probably similar to the so-called ‘bleb cells’ described by several 

authors in the infundibulum of certain other reptiles (Palmer & Guillette, 1988; 

Girling et al., 1997, 1998; Girling, 2002; AlKindi et al., 2006). It is also noteworthy 

that the non-ciliated type 4 cells did not contain glycogen deposits but their 

supranuclear and subnuclear zones were filled with lipid droplets.  

Although PAS-positive staining of the epithelial lining of the infundibulum of reptiles 
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has been reported in several species (Botte,1973a; Guillette et al., 1989; Picariello 

et al., 1989; Kumari et al., 1990; Girling et al., 1997, 1998; Girling, 2002; Machado-

Santos et al., 2015), glycogen deposits have not been confirmed ultrastructurally. 

The significance of the large glycogen deposits in both ciliated and non-ciliated 

cells of the epithelial lining of the infundibulum of the green iguana is not known. 

Glycogen is a storage version of glucose in cells and tissues, and it is readily 

converted to glucose, which is easily released in tissues (Roach et al., 2001; 

Nielsen & Ortenblad, 2013; Prats et al., 2018). Could these vast amounts of 

glycogen be reserves in parts of the oviduct where a rapid release of glucose is 

periodically necessary? In male animals, glycogen accumulations have 

been demonstrated in epithelia of mesonephric tubules and ductules (de Martino 

& Zamboni, 1966; Tiedemann, 1971; Pelliniemi et al., 1983), and, in particular, in 

the reproductive organs, such as in the tubulus rectus of the guinea pig testis 

(Fawcett & Dym, 1974)  and the efferent and closely related ducts of the golden 

hamster (Ford et al., 2014). Their functions in these tissues and cells are unknown, 

although Ford et al. (2014) consider that these deposits may be associated with 

the potential for hibernation in hamsters and subsequent reproductive tract 

regression and recrudescence. In female mammals, Dean (2019) observed that 

glycogen in the endometrium of the uterus and Fallopian tube was an essential 

source of glucose during the peri-implantation period. In the domestic fowl, Gilbert 

et al. (1968) observed glycogen deposits in the host cells of the utero-vaginal 

region, but not in the general surface epithelium. It is intriguing/instructive to learn 

that they found considerable amounts of glycogen in the gland lumen of a bird 
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killed shortly after oviposition.  

The tubular/mucosal glands comprised only non-ciliated (could be classified as 

non-ciliated type 5) cells, which had a similar content (dense secretory granules 

and numerous lipid droplets) as the non-ciliated type 1 cell in the epithelial lining 

of the cranial part of the infundibulum.  

 

CONCLUSION 

Cytologically, non-ciliated type 1 cell and its variant were the predominant cell 

types in the cranial division of the infundibulum and three (types 2, 3, and 4) in the 

caudal, tubular division. The epithelial lining of the posterior aspect of the cranial 

division displayed grooves or crypts while the caudal division contained tubular 

mucosal glands. Remarkably, a hitherto unreported observation was the presence 

of glycogen accumulations in both non-ciliated and ciliated cells in parts of the 

epithelial lining of this duct. It is therefore evident that the infundibulum does not 

act as a passageway only for the ovum, but also contributes to the formation of the 

developing egg during the passage of the ovum through this segment of the 

oviduct. Based on current knowledge and understanding, it is suggested that 

further studies, including immunohistochemical investigations, are necessary to 

gain further insight into the function of the infundibulum in the Iguanidae family of 

squamate reptiles. 

 

33



 

ACKNOWLEDGEMENT 

The authors thank the Ministry of Agriculture, Lands and Forestry of Grenada for 

giving permission for the use of the animals and St. Georges University Institutional 

Animal Care and Use Committee for approving the animal procedures used in this 

study. Funding was provided by St. Georges University Small Research Grant 

Initiative and we are grateful to the University of Pretoria, South Africa that kindly 

provided facilities for electron microscopy. 

 
 
 
REFERENCES 

Adams, C. S., & Cooper, W. E., Jr. (1988). Oviductal morphology and sperm 
storage in the keeled earless lizard, Holbrookia propinqua. Herpetologica, 44(2), 
190-197.    

Aitken, R. N. C., & Solomon, S. E. (1976). Observations on the ultrastructure of 
the oviduct of the Costa Rican green turtle (Chelonia mydas L.). Journal of 
Experimental Marine Biology and Ecology, 21(1), 75-90. 
https://doi.org/10.1016/0022-0981(76)90070-8 

Al-Amri, I. S. S. (2012). Reproductive Cycle of the House Gecko, Hemidactylus 
flaviviridis, in Oman in Relation to Morphological and Ultrastructural Changes and 
Plasma Steroid Concentrations with Reference to Localisation of Progesterone 
Receptors (Doctoral Dissertation). University of Portsmouth, England. 
 
AL-Kindi, A. Y., Mahmoud, I. Y., Woller, M. J., & Plude, J. L. (2006). Oviductal 
morphology in relation to hormonal levels in the snapping turtle, Chelydra 
serpentine. Tissue and Cell, 38(1), 19-33.  
https://doi.org/10.1016/j.tice.2005.10.001 

Aldridge, R. D. (1992). Oviductal anatomy and seasonal sperm storage in the 
south-eastern crowned snake (Tantilla coronata). Copeia, 1992(4),1103-1106. 
https://doi.org/10.2307/1446648 

Ayache, J., Beaunier, L., Boumendil, J., Ehret, G., & Laub, D. (2010). Sample 
preparation handbook for transmission electron microscopy. Springer, New York, 
NY  

Bakst, M. R., & Bird, D. M. (1987). Localization of Oviductal Sperm-Storage 

34



 

Tubules in the American Kestrel (Falco sparverius). The Auk, 104(2), 321–324.  

Blackburn, D.G. (1982). Evolutionary origins of viviparity in the Reptilia. I. Sauria. 
Amphibia – Reptilia, 3, 185-205. 

Blackburn, D.G. (1985a). Evolutionary origins of viviparity in the Reptilia. II. 
Serpentes, Amphisbaenia, and Ichthyosauria. Amphibia – Reptilia, 5, 259–291.  

Blackburn, D.G. (1985b). The evolution of viviparity and matrotrophy in vertebrates 
with special reference to reptiles.  Ph.D. Dissertation, Cornell University, Ithaca, 
New York, USA. 665 p. 

Blackburn, D. G. (1992). Convergent Evolution of Viviparity, Matrotrophy, and 
Specializations for Fetal Nutrition in Reptiles and Other Vertebrates. American 
Zoologist, 32(2), 313–321. http://www.jstor.org/stable/3883768 

Blackburn, D. G. (1995). Saltationist and punctuated equilibrium models for the 
evolution of viviparity and placentation. Journal of Theoretical Biology, 174(2), 
199–216. https://doi.org/10.1006/jtbi.1995.0092 

Blackburn, D. G. (1998). Structure, function, and evolution of the oviducts of 
squamate reptiles, with special reference to viviparity and placentation. The 
Journal of Experimental Zoology, 282(4), 560-617. 

Blackburn, D.G. (2006). Squamate reptiles as model organisms for the evolution 
of viviparity. Herpetological Monographs, 20,131–146. 

Botte, V. (1973a). Some aspects of oviduct biochemistry in the lizard, Lacerta 
Sicula in relation to the annual cycle. Bollettino di Zoologia, 40(3-4), 315-321. 
https://doi.org/10.1080/11250007309429245 

Botte, V. (1973b). Morphology and histochemistry of the oviduct in the lizard, 
Lacerta sicula. The annual cycle. Bolletino di Zoologia, 40, 305–314. 

Braz, H, B., Kasperoviczus, K. N., & Guedes, T. B. (2019). Reproductive Biology 
of the Fossorial Snake Apostolepis gaboi (Elapomorphini): A Threatened and 
Poorly Known Species from the Caatinga Region. South American Journal of 
Herpetology, 14(1), 37-47. https:doi.org/10.2994/SAJH-D-17-00116.1 

 

Cole, C. J. (1966). Femoral glands in lizards: A review. Herpetologica, 22(3), 199–
206.  

Cuellar, O. (1966). Oviductal anatomy and sperm storage structures in lizards. 
Journal of Morphology,119, 7-20. https://doi.org/10.1002/jmor.1051190103 

de Martino, C., & Zamboni, L. (1966). A morphologic study of the mesonephros of 
the human embryo.  Journal of Ultrastructure Research, 16(3), 399-427. https:// 
doi.org/10.1016/s0022-5320(66)80072-2 

35



 

Dean, M. (2019). Glycogen in the uterus and fallopian tubes is an important source 
of glucose during early pregnancy. Biology of Reproduction, 101(2), 297-305. 
https://doi.org/10.1093/biolre/ioz102  

Eckstut, M. E., Sever, D. M., White, M. E., & Crother, B. I. (2009). Phylogenetic 
analysis of sperm storage in female squamates. In L. T. Dahnof (Ed.), Animal 
Reproduction: New Research Developments (pp. 185–218). Hauppauge, New 
York: Nova Science Publishers.  

Etheridge, R.  (1982).   A checklist of the iguanine and Malagasy iguanid lizards 
(pp. 5-37). In Burghardt, G. M.  and A. S. Rand (eds.) Iguanas of the world, Noyes 
Publications, Park Ridge, New Jersey xix+472 pp. 

Frost, D. R., & Etheridge, R. E. (1989). A phylogenetic analysis and taxonomy of 
iguanian lizards (Reptilia: Squamata). University of Kansas Museum of Natural 
History, Miscellaneous Publications 81: 1–65 

Fawcett, D. W. (1981). Cytoplasmic inclusions. The Cell (2nd ed., pp. 641-736). 
Philadelphia: W. B. Saunders.  

Fawcett, D. W., & Dym, M. (1974). Glycogen storing cells of the tubulus rectus of 
the guinea pig testis. Journal of Reproduction and Fertility, 38, 401-409.  

Firmiano, E. M. S., Cardoso, N. N., Santos, M. A. J, Sousa, B. M., Nascimento, A. 
A., & Pinheiro, N. L. (2012). Histology and Histochemistry of the Oviduct of the 
Neotropical Tortoise Phrynops geoffroanus (Schweigger, 1812). Journal of 
Cytology and Histology, 3(7), 1-8. http://dx.doi.org/10.4172/2157-7099.1000164 

Fitch, H. S., & Henderson, R. W. (1977). Age and sex differences, reproduction 
and conservation of Iguana iguana. Milwaukee Public Museum Contributions to 
Biology and Geology, 13, 1–21. 

Ford, J., Jr., Carnes, K. & Hess, R. A.  (2014). Ductuli efferentes of the male Golden 
Syrian hamster reproductive tract. Andrology, 2014, 2(4), 510–520. 
https://doi.org/10.1111/j.2047-2927.2014.00194.x 

Fox, W. (1963). Special tubules for sperm storage in female lizards. Nature, 198, 
500–501 

Fox, H. (1977). The urinogenital system of reptiles. In C. Gans & T. S. Parsons  
(Eds.), Biology of the Reptilia (Vol. 6, pp. 1-157). London: Academic Press.  

Frost, D. R., & Etheridge, R. (1989).  A phylogenetic analysis and taxonomy of 
iguanian lizards (Reptilia: Sqamata).  University of Kansas Museum of Natural 
history, Miscellaneous Publications 81: 65 pp. 

Fujii, S., & Tamura, T. (1963). Location of sperms in the oviduct of the domestic 
fowl with special reference to storage of sperm in the vaginal gland. Journal Faculty 
of Fisheries and Animal Husbandry, Hiroshima University, 5(1), 145-163. 

Gilbert, A. B., Reynolds, M. E., & Lorenz, F. W. (1968). Distribution of spermatozoa 

36



 

in the oviduct and fertility in domestic birds.  V. Histochemistry of the uterovaginal 
sperm-host glands of the domestic hen. Journal of Reproduction and Fertility, 
16(3), 433-444. https://doi.org/10.1530/jrf.0.0160433 

Girling, J. E. (1998). Structure and function of the oviduct in gekkonid lizards  
(Doctoral dissertation), University of Otago, Dunedin, New Zealand). Retrieved 
from http://hdl.handle.net/10523/130  

Girling, J. E. (2002). The Reptilian Oviduct: A Review of Structure and Function 
and Directions for Future Research. Journal of Experimental Zoology, 293(2), 141-
170. https://doi.org/10.1002/jez.10105 

Girling, J. E., Cree, A., & Guillette, L. J., Jr. (1997). Oviductal structure in a 
viviparous New Zealand gecko, Hoplodactylus maculatus. Journal of Morphology, 
234(1), 51-68.  

Girling, J. E., Cree, A., & Guillette, L. J., Jr. (1998). Oviductal structure in four 
species of gekkonid lizard differing in parity mode and eggshell structure. 
Reproduction, Fertility, and development, 10(2), 139-154.  

Guillette, L. J. (1992). Morphology of the reproductive tract in a lizard exhibiting 
incipient viviparity (Sphenomorphus fragilis) and its implications for the evolution 
of the reptilian placenta. Journal of Morphology, 212, 163–173. 

Guillette, L. J., Jr, & Jones, R. E. (1985). Ovarian, oviductal, and placental 
morphology of the reproductively bimodal lizard, Sceloporus aeneus. Journal of 
Morphology, 184(1), 85-98. https://doi.org/10.1002/jmor.1051840109 

Guillette, L. J., Jr, Fox, S. L., & Palmer, B. D. (1989). Oviductal morphology and 
egg shelling in the oviparous lizards Crotaphytus collaris and Eumeces obsoletus. 
Journal of  Morphology, 201(2), 145-159. https://doi.org/10.1002/jmor.1052010205 

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(2), 149-159. 
https://doi.org/10.1002/jmor.1051740204 

Hirth, H. F. (1963). Some aspects of the natural history of Iguana iguana in a 
tropical strand. Ecology, 44(3), 613–615.  

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. https://doi.org/10.1002/ar.24382 

Kumari, T. R. S., Devaraj Sarkar, H. B., & Shivanandappa, T. (1990). Histology and 
Histochemistry of the Oviductal Sperm Storage pockets of the gamid lizard Calotes 

37



 

versicolor.  Journal of Morphology, 203(1), 97-106. 
https://doi.org/10.1002/jmor.1052030110  

Lafontaine, J. G., & Allard, C. (1964). A light and electron microscope study of the 
morphological changes induced in rat liver cells by the Azo dye 2-ME-DAB. The 
Journal of Cell Biology, 22(1), 143-172. 

Macey, J. R., Larson, A., Ananjeva, N. B., Papenfuss, T. J. (1997). Replication 
slippage may cause parallel evolution in the secondary structures of mitochondrial 
transfer RNAs. Molecular Biology and Evolution, 14 (1), 30-
39, https://doi.org/10.1093/oxfordjournals.molbev.a025699 

Machado-Santos, C., Santana, L., N. de S., Vargas, R., F., Abidu-Figueiredo, M., 
Brito-Gitirana, L. de, & Chagas, M. A. (2015). Histological and 
immunohistochemical study of the ovaries and oviducts of the juvenile female of 
Caiman latirostris (Crocodilia: Alligatoridae). Zoologia (Curitiba), 32(5), 395–402. 
http://dx.doi.org/10.1590/S1984-46702015000500008 

Manríquez-Morán, N. L., Villagn-Santa Cruz, M., & Medez-de la Cruz, F. R. (2013) 
Reproductive activity in females of the oviparous lizard Sceloporus aeneus. The 
Southwestern Naturalist, 58(3), 325–329.https://doi.org/10.1894/0038-4909-
58.3.325.  
 
Mason, R. T. (1992). Reptilian pheromones. In C. Gans & D. Crews (Eds.), Biology 
of the Reptilia (Vol. 18, pp. 114–228). Chicago: University of Chicago Press. 

Méndez- de la Cruz, F. R., & Villagrán- Santa Cruz, M. (1998). Reproducción 
asincrónica de Sceloporus palaciosi (Sauria: Phrynosomatidae) en México, con 
comentarios sobre sus ventajas y regulación. Revista de Biología Tropical, 46(4), 
1159-1161.  

Müller, H. (1972). Ökologische und ethologische studien an Iguana iguana L. 
(Reptilia: Iguanidae) in Kolumbien, Zoologische Beiträge, 18, 109–131.  

Nielsen, J., & Ørtenblad, N. (2013). Physiological aspects of the subcellular 
localization of glycogen in skeletal muscle. Applied Physiology Nutrition and 
Metabolism, 38(2), 91-99. https://doi.org/10.1139/apnm-2012-0184 

Nogueira, K. D. O. P. C., Rodrigues, S. S., Araújo, V. A., & Neves, C. A. (2011). 
Oviductal structure and ultrastructure of the oviparous gecko, Hemidactylus 
mabouia (Moreau De Jonnès, 1818). The Anatomical Record: Advances in 
Integrative Anatomy and Evolutionary Biology, 294(5), 883-892. 

Palmer, B. D., & Guillette, L. J., Jr. (1988). Histology and functional morphology of 
the female reproductive tract of the tortoise Gopherus polyphemus. American 
Journal of Anatomy, 183(3), 200-211.  

Palmer, B. D., Demarco, V. G., & Guillette, L. J., Jr. (1993). Oviductal morphology 
and the eggshell formation in the lizard, Sceloporus woodi. Journal of Morphology, 

38



 

217(2), 205-217. https://doi.org/10.1002/jmor.1052170208 

Pelliniemi, L. J., Kellokumpu-Lehtinen, P., & Hoffer, A. P. (1983). Glycogen 
accumulations in differentiating mesonephric ducts and tubuli in male human 
embryos. Anatomy and Embryology, 168(3), 445 – 453. 
https://doi.org/10.1007/BF00304280 

Perkins, M. J., & Palmer, B. D. (1996). Histology and functional morphology of the 
oviduct of an oviparous snake, Diadophis punctatus. Journal of Morphology, 
227(1),67-79.  

Picariello, O., Ciarcia, G., & Angelini F. (1989). The annual cycle of oviduct in 
Tarentola m. mauritanica L. (Reptilia, Gekkonidae). Amphiba Reptilia, 10(4), 371-
386. doi: https://doi.org/10.1163/156853889X00025  

Prats, C., Graham, T. E., & Shearer, J. (2018). The dynamic life of the glycogen 
granule. The Journal of biological chemistry, 293(19), 7089–7098. 
https://doi.org/10.1074/jbc.R117.802843X  

Rand, A. S. (1984). Clutch size in Iguana iguana in central Panama. In R. A. Seigel, 
L. E. Hunt, J. L. Knight, L. Malaret, & N. L. Zuschlag (Eds.), Vertebrate Ecology 
and Systematics (pp. 115–122). Lawrence, Kansas: University of Kansas Museum 
of Natural History.  

Revel, J. P. (1963). Electron microscopy of glycogen. Histochemical Society 
Symposium: Applications of Cytochemistry to Electron Microscopy, Washington, 
D. C. 1963, 104-114.  

Revel, J. P., Napolitano, L., & Fawcett, D. W. (1960). Identification of glycogen in 
electron micrographs of thin tissue sections. The Journal of Biophysical and 
Biochemical Cytology, 8(3), 575-589. 

Roach, P. J., Skurat, A. V., & Harris, R. A. (2001).  Regulation of glycogen 
metabolism. In L. S. Jefferson, & A. D. Cherrington, (Eds.), Handbook of 
Physiology Section 7: The Endocrine System volume II. The Endocrine Pancreas 
and Regulation of Metabolism (pp.609-647). Oxford: Oxford University Press. 

Robbins, T. R., Dollen, C., McCoy, E. D., & Mushinsky, H. R. (2021). Decline in 
functional short-term sperm storage and reproduction in two oviparous sceloporine 
lizards from Florida, USA. Herpetological Conservation and Biology, 16(1), 30-37. 

Rodda, G. H. (2003). Biology and reproduction in the wild. In E. R. Jacobson (Ed.), 
Biology, Husbandry and Medicine of the Green Iguana (pp. 1-27). Malabar, Florida: 
Krieger Publishing Company 

Saint-Girons, H. (1962). Présence de réceptacles séminaux chez les Caméléons.  
Beaufortia, 9(106), 165–172. 

39



 

Sever, D. M., & Ryan, T. J. (1999). Ultrastructure of the reproductive system of the 
black swamp snake (Seminatrix pygaea): Part I. Evidence for oviducal sperm 
storage. Journal of morphology, 241(1), 1–18. https://doi.org/10.1002/(SICI)1097-
4687(199907)241:1<1::AID-JMOR1>3.0.CO;2-9 

Sever, D. M., & Hamlett, W. C. (2002). Female sperm storage in reptiles. Journal 
of Experimental Zoology, 292(2), 187–199. https://doi.org/10.1002/jez.1154 

Shanthakumari, T. R., Sarker, H. B. D., & Shivanandappa, T. (1992). Histological, 
histochemical and biochemical changes in the annual oviduct cycle of the Agamid, 
Calotes versicolor. Journal of Morphology, 211(3), 295-306. 
https://doi.org/10.1002/jmor.1052110307 

Shine, R. (1985). The evolution of viviparity in reptiles: An ecological analysis. In 
C. Gans & F. Billet (Eds.), Biology of the Reptilia (Vol. 15, pp.605-694). New York: 
Wiley.  

Siegel, D. S., Miralles, A., Chabarria, R. E., & Aldridge, R. D. (2011). Female 
reproductive anatomy: Cloaca, oviducts, and sperm storage. In R. D. Aldridge & 
D. M. Sever (Eds.), Reproductive Biology and Phylogeny of Snakes (pp. 347–409). 
Boca Raton, Florida: CRC Press. 

Siegel, D. S., Miralles, A., Rheubert, J. L., & Sever, D. M. (2015). Female 
Reproductive Anatomy: Cloaca, Oviduct and Sperm Storage. In J. L. Rheubert, D. 
S. Siegel, & S. E. Trauth (Eds.), Reproductive Biology and Phylogeny of Lizards 
and Tuatara (pp.144-195). Boca Raton, Florida: CRC Press.  
 
Silva, K. M. P., Barros, V. A., Rojas, C. A., & Almeida-Santos, S.M. (2020). 
"Infundibular sperm storage and uterine muscular twisting in the Amazonian 
lancehead, Bothrops atrox." The Anatomical Record, 303(12), 3145-3154. 

Stewart J. R., Thompson, M. B. (2000). Evolution of placentation among squamate 
reptiles: recent research and future directions. Comparative Biochemistry and 
Physiology,127(4), 411–431. 

Tiedemann, K. (1971). Die Ultrastruktur des Epithels des Wolffschen Ganges und 
des Ductus deferens beim Schafembryo [Fine structure of the epithelia of the 
Wolffian duct and of the vas deferens in fetal sheep]. Zeitschrift fur Zellforschung 
und mikroskopische Anatomie, 113(2), 230–248. 
https://doi.org/10.1007/BF00339418 

Tsuruno, S., Kajigaya, H., Yamanouchi, A., & Saito, T. (2011). Structural Changes 
in the Ovaries and Oviducts of the Green Iguana (Iguana iguana) Based on 
Developmental Stage and Reproductive Cycle. Journal of Herpetological Medicine 
and Surgery, 21(2), 80-85.  

Uribe, M. C. A., Velasco, S. R., Guillette, L. J., Jr. & Estrada, E. F. (1988). Oviduct 
histology of the lizard, Ctenosaura pectinata. Copeia, 1988(4), 1035-1042. 
https://doi.org/10.2307/1445729 

40



 

Van Drimmelen, G.C. (1946) "Sperm nests" in the oviduct of the domestic hen. 
Journal of South African Veterinary Medical Association, 17,42-52. 

Villagrán-Santacruz, M., Mendoza-Cruz, E., Granados-González, G., Rheubert,  
J.L., & Hernández-Gallegos, O. (2017). Sperm storage in the viviparous lizard 
Sceloporus bicanthalis (Squamata: Phrynosomatidae), a species with continuous 
spermatogenesis. Zoomorphology,136(1), 85–93  
 
Wake, M. H. (1985). Oviduct structure and function in non-mammalian vertebrates. 
Fortschritte der Zoologie, 30, 427-435.  

 

CONFLICT OF INTEREST DISCLOSURE 

There are no conflict of interest 

 

AUTHORSHIP CONTRIBUTIONS: 

C-A. Harrylal, S. K. Gupta, T. A.  Aire: Conception and design of study. 

C-A. Harrylal, S. K. Gupta, T. A.  Aire: Funding acquisition 

C-A. Harrylal, A. V. Lensik , S. K. Gupta, T. A.  Aire: Investigation 

C-A. Harrylal, S. K. Gupta, T. A.  Aire: Methodology 

C-A. Harrylal, A. V. Lensik , S. K. Gupta, T. A.  Aire: Resources 

C-A. Harrylal, S. K. Gupta, T. A.  Aire : Writing – original draft of manuscript 

C-A. Harrylal, S. K. Gupta, T. A.  Aire : Writing – revision and editing 

 

 

41



 

 

AUTHOR DETAILS 

*Dr. Crissy-Ann Harrylal, Department of Anatomy, Physiology, and Pharmacology 

School of Veterinary Medicine, St. George’s University, True Blue, St. George’s, 

Grenada, West Indies, charryl1@sgu.edu,1473-410-0070 

Dr. Sunil Gupta, Department of Anatomy, Physiology, and Pharmacology School 

of Veterinary Medicine, St. George’s University, True Blue, St. George’s, 

Grenada, West Indies, sgupta@sgu.edu 

Dr. Lensik, Electron Microscope unit, Department of Anatomy and Physiology, 

Faculty of Veterinary Science, University of Pretoria, Onderstepoort, South Africa, 

Antoinette.lensink@up.ac.za 

Dr. Tom Aire Department of Anatomy, Physiology, and Pharmacology School of 

Veterinary Medicine, St. George’s University, True Blue, St. George’s, Grenada, 

West Indies, taire@sgu.edu 

 

ORCID ID: 

https://orcid.org/0009-0008-5852-8832 

 

 

 
 

42




