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SUMMARY: This study aimed to describe the morphology, histology, and histochemistry of the kidneys and the sexual segment
of the kidney (SSK) irChamaeleo calyptratu§vemen chameleons or veiled chameleons) collected during the active reproductive
season. To achieve this objective, a total of 7 mature@elmaeleo calyptratusere captured from their natural habitats from different
areas in the Aseer region of Saudi Arabia and transferred to the reptilian laboratory where their kidneys were dissestgédaout. N
morphological examination was conducted on the kidneys and the SSK was processed for light microscopic examinations with the
primary focus placed on the morphology and histology of the SSK. The results of the study shoGleanttzatieo calyptratysossess
two, reddish-brown, attenuated kidneys divided into lobes and lobules (lobulated). The histological study showed thatébeshame
had no distinct limits between the cortex and medulla of the kidneys. In general, similar with other reptiles, this lizestlateththat
the kidneys have few nephrons, do not show any nephron loop (loop of Henle), and display few glomeruli. The nephronyis generall
composed of standard components: renal corpuscle, glomerulus surrounded by a double-walled, the glomerular capsule (Bowman'’s
capsule) and renal tubules (six renal tubular segments differentiated as the ciliated neck segment [between the glortierulus and
proximal segment], proximal segment, ciliated intermediate segment instead of nephron loop that connects proximal asigldistal, d
segment, terminal segment or sexual segment, and all segments emptying into the collecting ducts. The epithelial tifseiesmtiamg
of these segments vary from simple cuboidal cells to columnar and tall columnar cells in the SSK. MatOrmmakdeo calyptratus
possess hypertrophied parts of the distal renal segments, which are called the SSK. Histologically, the active SSKstomdéstalbf
columnar epithelial cells with rounded basal nuclei with clear centralized nucleoli and numerous apical coarse secretenylgcmul
are released from the cells by an apocrine process. Histochemically, the secretory granules stain positively for pratensinigth
bromophenol blue and react intensely to periodic acid-Schiff (PAS) for neutral carbohydrates. This is the first repogtlabtmliotly
of the SSK of th€hamaeleo calyptratysnd this study adds to the knowledge of the reproductive biology, biodiversity, and reproductive
strategies of chameleons. Further studies are required to investigate the ultrastructure of the kidneys and SSK.
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INTRODUCTION

Reptiles compose a clade of the oldest fully terrestrial Chamaeleo calyptratuveiled Yemen chameleons)
vertebrates on the planet. The reptilian familganlive inhigh, dry plateaus of mountainous regions, forests,
Chamaeleonidae is noted for morphological characteristic)d valleys of southern Saudi Arabia and Yemen. They are
such as a prehensile tail, independently rotating eyeso@e of a few species of chameleons that can tolerate a wide
ballistic tongue, and the ability to change colors. Théange of temperatures from 23-35 °C. Veiled chameleons
chameleons are most noted for their adaptive skin, andi& arboreal lizards that are highly independent and prefer
great body of research has been dedicated to their visigrive highin trees. Males have a larger body (17-24 inches)
and integument (Laslie, 2018). and casque (head crest or helmet) when mature. The lifespan
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of a veiled chameleon is usually eight years for males abg low columnar cells with well-developed microvillus
five years for females (Lustigt al., 2013). Veiled called brush margin. The intermediate segment has an initial
chameleons reach sexual maturity at 4-5 months (Bartletliated region lined by cuboidal cells that is followed by an
& Bartlett, 1995). Similar with mammals, males of the ordesirea of mucus cells. The distal tubule is lined by cuboidal
Squamata of reptiles (lizards and snakes) have structuresétls without brush margin, followed by a collecting duct
the seminal vesicles called the sexual segment of the kidnelgich is lined by low columnar cells (Zwart, 1964; Jacobson;
(SSK) (Mouraet al, 2014). Although the morphology andDantzler, 2016). The reptilian nephron lacks the loop of the
histology of Chamaeleon organs, such as the tongue, skitenle and instead has a short intermediate segment. Repti-
and eyes, have been described by many investigators, fles have relatively few nephrons (from 3,000 to 30,000 in
studies have focused on the kidneys, particularly tHezards), whereas each human kidney has one million
histochemistry and ultrastructure in this taxon. In recemephrons (Zwart, 1964; Jacobson; Allam & Abo-Eleneen).
years, the reptilian kidney has been increasingly studied dBrakes and lizards have many tubules and few glomeruli
its fundamental role in understanding the phylogenic levalith 40—70 nm diameters (Mcnab, 2002). The renal
of this group of vertebrates (Allam & Abo-Eleneen, 2013)corpuscles of lizards are composed of glomerulus (a tuft of
three to four capillaries) and the glomerular capsuleeflin
The current taxonomy list @hamaeleo calyptratus al., 1995). The glomerular capsule consists of an outer
is the following: Kingdom Animalia — Animal; Subkingdom parietal and inner visceral glomerular layer (Jacobson).
Bilateria; Infrakingdom Deuterostomia; Phylum Chordata
— chordates; Subphylum Vertebrata — vertebrates; The reptilian SSK was first studied and described in
Infraphylum Gnathostomata; Superclass Tetrapoda; ClaE366 by Gampert while studying the urinary system of Natrix
Reptilia — Reptiles; OrderSquamata — Lizards; Subordeatrix. Regaud & Policard (1903) were the first researchers
Iguania — lguanas; Family Chamaeleonid — Chameleonsho suspected that this enlarged segment of the male kidneys
Subfamily Chamaeleoninae; Genus Chamaeleo of Squamata might have a reproductive function, so they
Chameleons; Speci€hamaeleo calyptratysnfraspecies named it the “sexual segment”, as there seemed to be
Chamaeleo calyptratus calyptrat(idetz & Hosek, 2017). seasonal fluctuations in this portion of the organ that
correlated with cyclical variations in hormonal status
Anatomically, the reptilian urinary tract includes(Rheubertet al, 2011; Novelliet al, 2018). The number
paired kidneys, paired ureters, cloaca, and bladder. Taed density of sexual coarse secretory granules contained in
kidneys of reptiles are located retroperitoneally in the cathe cytoplasm can vary significantly depending on seasonal
dal part of the abdominal cavity or in the pelvic cavity ofluctuations and species (Krohnedral, 2004a).
lizards (Dantzler, 2005). They are generally small, attenuated,
reddish-brown, and lobulated with a narrow posterior Histologically, the SSK represents the hypertrophied
portion. Each kidney is encased in a thin capsule (Zwapart of the last distal tubules or secondary and tertiary collecting
1964; Jacobson, 2007; Khalef & Ata, 2010). The kidneys t¢dibules of the kidneys that consist of simple tall columnar
reptiles generally have structural and functional units callegpithelial cells with rounded basal euchromatic nuclei with
nephrons with structural modifications caused by theentral nucleoli associated with mucous cells (Norris & Lopez,
biological adaptation to different environments. Ureters a2011; Rheuberet al, 2014; Mouraet al). The SSK is an
generally inserted into the cloaca and urates/urine are stoeetessory sex organ found exclusively in male Squamates
in a separate urinary bladder (Dantzler, 2005; Gibbons, 20@&sociated with each kidney that undergo seasonal changes
Clayton, 2012). Previous studies indicated that reptil@ccording to testosterone cycles (androgen-dependent). The
kidneys have some similarities and differences withycle of the SSK was classified into stages: (1) SSK not
mammalian kidneys. Anatomical similarities in the tubulahypertrophied; (2) SSK hypertrophied with a few granules;
system include the renal glomerular capsule (Bowman(8) SSK cytoplasm full of secretory granules; (4) SSK secretory
capsule), proximal convoluted tubule, distal tubulegranules apically in the cytoplasm; and (5) maximum density
collecting duct, and ureter. The reptilian nephron is shortef SSK secretory granules (Krohrnredral, 2004b).
than those in mammals and is divided into the following
parts: renal corpuscle, neck segment (between the glomerulus  Ultrastructurally, most studies regarding the
and the proximal segment), proximal segment, intermediatérastructure of the active SSK concluded that the SSK
segment, distal segment, terminal segment or sexuwansisted of tall columnar cells with centrally located nuclei
segment, and collecting duct, all of which are surroundethd numerous apical electron dense secretory granules of
by delicate interstitial loose connective tissue and fibroblasiarious sizes within the apical cytoplasm (filling
around the tubules and SSK. The neck segment is compoapgroximately 4/5 of the total cell) which were released by
of cuboidal cells having cilia. The proximal tubule is linedan apocrine process (Rheutstial, 2014). Studies on lizards
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and snakes to date have reported that the SSK pkeromones. When the SSK becomes enlarged, it is vi-sible
hypertrophied with high density with large secretory granulds the naked eye. The enlargement is caused by the whitish
only during breeding season (during the months of Mardecretum accumulating as fine granules in the epithelial cells
through August), and SSK atrophy occurs during the perigdwart, 2006). The SSK hypertrophied with maximum
of testicular quiescence when androgen levels decreasgivity during the peak of the reproductive season, regressed
(Sever & Hopkins, 2005; Al-Amret al, 2013). During with the lowest activity during the non-reproductive season
inactive months or quiescence, the SSK is norduring testicular quiescence and was stimulated to a secretory
distinguishable from the distal tubule or collecting ducts arstate by androgens (Prasad & Reddy; Leonard & Cordoba-
the granules are distributed throughout the cytoplasm Aguilar, 2010; Mouraet al.). Lizards, unlike snakes,
small, condensed groups (Krohmetral, 2004a). SSK demonstrate complete involution of the SSK (Krohmeter
hypertrophy is highly correlated with the level of testosterora., 2004b). The SSK is an important reproductive organ to
during active mating season (March—August). Also, the SSbe studied to enhance our comprehension of the reproductive
cells have Golgi complex, rough endoplasmic reticulunbiology of Squamates (Meket al, 2019).
abundant mitochondria, vesicles, mucoidal vacuoles, and thin
intercellular canaliculi (Rheubeet al, 2011). The most recent morphological and histological
studies on the kidneys of Squamata have revealed the

Histochemically, secretions of the SSK are rich irnlargement of the last portion of the nephron of males is
phospholipids which vary during different months of the yearalled the SSK and it is usually not present in females or
and contain acid phosphatase. The lipids of the SSK coinemature males (Regaud & Policard; Sanyal & Prasad, 1966;
from the kidney and liver for synthesis of lipid-rich secretion&abri, 1983; Jacobson; Mendesal, 2009; Rheubergt
mixed with sperm and are released into the female genitdl, 2014; Novelliet al). The present study aimed to
tract during copulation (Prasad & Reddy, 1972). Theinvestigate the histological and histochemical studies on the
granules stain positively for proteins with bromophenol blukidney and SSK in mal€hamaeleo calyptratus
and react with periodic acid-Schiff (PAS) for neutral
carbohydrates (Sever & Hopkins).

MATERIAL AND METHOD

Physiologically, the function of the SSK is not clearly
understood but the secretions of the sexual segment may
help the sperm and is believed to provide seminal fluid th@hameleons Seven, 1-year-old,175-190 g, adult, sexually
mixes with sperm. The SSK in male chameleons producesature, male, veiled chameleo@hémaeleo calyptratiis
secretion rich in proteins and lipids, which is used asvaere utilized in this study (Fig. 1). The animals were captured
copulatory plug (O’Malley, 2005; Reavill & Schmidt, 2010).from Abha City, Aseer region, Saudi Arabia, between March
In Squamates, the seminal fluid (complex of glycogemnd September 2019, when they were in the reproductive
mucopolysaccharides, mucoproteins, and lipids) secretdivity period. The captured animals were transported to
from the epididymis and the SSK utilizes the spermatozalae reptilian laboratory of the Biology Department, College
to nourish and activate the sperms in the female genital tra¢iScience, King Khalid University, where all experimental
during copulation and is responsible for the production @rocedures were performed. The animals were kept in

in this study.(1): Helmet -like casque on head, (2):Black eye with small yellow eye ring, (3): Long
prehensile tail, (4): 5-toed claw-like feet, (5): Brown, tan, turquoise, green and white scaly skin that
change the color with change the temperature, (6): Cream patches with turquoise spots.A: Veiled
chameleonChamaeleo calyptratygPfeifer, 2019; Khaet al, 2019), B: our caught chameleon.
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ambient temperatures (23 +1.5 °C) with natural photoperiodsad photographed by using an optical microscope (Olympus
(i.e., 12 hours of a light-dark cycle). After being capturetficroscope BX53 with Digital Camera, Japan). Staining
and transported to the laboratory, the individuals wengocedures followed the techniques of Suvaitrad (2019).
anesthetized with ether and submitted to morphological
studies. All animals were euthanized in accordance with the
standards set forth in the guidelines for the care and useRESULTS
experimental animals by Research Ethics Committee King
Khalid University (ECM#2021-5507).

Morphology of the kidney and SSK At the gross anatomy
Histological and histochemical studied-or the histological level, the kidneys of mal€hamaeleo calyptratuare
studies, the animals were opened through a medium incisi@uddish-brown, paired, symmetrical, elongated, and slightly
from the cloaca as far as the anterior limbs, exposing tlabulated compact organs located in the mid-caudal, dorsal
reproductive organs for macroscopic analyses by removiagelom, lateral to the lumbar spine above the testes. The
the rib cage and coelomic wall on one side, thus exposikigineys typically lie within the pelvic canal of most lizards,
all the visceral organs (Fig. 2) according to Jacobson apdrticularly chameleons (Figs. 3A,B). Like other reptilian
Martinson (2013). Fresh portions of the kidneys (5 mm ikidneys, mature mal€hamaeleo calyptratukidneys are
size) from each chameleon were cut rapidly and fixed imade up of many tiny renal lobules combined into lobes.
neutral buffered formalin (10 %) for 48 hours. The fixedhe kidneys are composed of functional units, called
specimens of the kidney were processed for paraffitrephrons. The nephrons of kidneys consist of renal corpuscle,
techniques according to the method described by Al-Doaigsoximal, intermediate, and distal segments which drain into
(2020), dehydrated with grades of ethanol (70, 80, 90, @&collecting duct system. Collecting ducts from each lobule
and 100 %), cleared in 2 changes of xylene and impregnatdpty into a separate branch of the ureter. Many reptiles
with 2 changes of molten paraffin wax, using an automatiive in dry environments and can convert waste nitrogen
tissue processor (Sakura, Japan). The specimens weoenpounds into quite insoluble uric acid secreted by the
embedded and blocked out using an embedding statituibules into the cloaca as white paste. Thus, reptile glomeruli
(Sakura, Japan) and a series of section thicknesses (4-5 jame)quite small, and some reptiles have no renal glomeruli at
were cut using a microtome (ModelRM2245, Leicaall. Nephrons filter initial urine from the blood, reabsorb
Germany). The renal sections were stained with the followinvgater and nutrients, and secrete wastes, producing the final
stains: hematoxylin-eosin (H&E) for general histologyurine, which is expelled. Sexually mature m@kamaeleo
periodic acid-Schiff (PAS) for neutral carbohydrates, Alciaralyptratuspossess hypertrophied parts of the distal renal
blue (AB) at pH 2.5 to demonstrate neutratubules, called SSK, before entering the collecting ducts.
mucopolysaccharides, mercuric bromophenol blue (MBPH)he sexual segment in mating season is highly hypertrophied
for detection proteins, and Masson trichrome for collageand actively secretory more than during other seasons. This
fibers, staining done by using an auto stainer machine (Modelxual segment can enlarge and swell during heightened
5020, Leica, Germany). All stained sections were examineeproductive activity (Fig. 4).

Fig. 2. Photomicrograph showing the dissecting mode adapted from Jacobson (2007) and Martinson
(2013): The animal was opened through medium incision from the cloaca as far as anterior limbs,
exposing the reproductive organs to macroscopic analyses by removing the rib cage and coelomic
wall on one side, thus exposing all of the visceral organs.
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Fig 3. A. Photomicrograph
showing paired kidneys and paired
testes within coelomic cavity
(viscera) of veiled chameleon; both
kidneys are pale to brownish-
redelongated organs and contain
lobules. The fat pads are yellow
and have been reflected from the
coelom (*). B. Photomicrograph of
kidney of male Chameleon
(Chamaeleo calyptratyishowing
brownish-red elongated lobulated
kidneys.

Fig. 4. Overview of schematic
drawing of the nephron in male of
the Squamata (snakes, and lizards
«chameleons»), as observed
during reproductively active
period detailing the histology of
each region. The nephron consists
of:(1): Glomerulus,(2): neck
segment, (3): Proximal segment,
(4): intermediate segment "a short
transitional portion between
proximal”(5): distal segment,
sexual segment “dilated distal
part” and collecting duct(*). H &
E.x 400. Adapted from Sevet al,
2002.

Histological and histochemical studies of the kidney and was lined by a simple cuboidal epithelium with cilia and the
SSK.Light microscopy of the sexually mature males showealclei were in a basal position. The distal tubule was lined
the structure of the kidneys and the renal sexual segmént simple cuboidal to low columnar epithelial poorly
with some histological characteristics. These sexuatidophilic and smaller diameter with basal nuclei. The distal
segments were localized in clusters and dis-tributed agule enlarged dramatically as it transitioned into the SSK
wedge-shaped throughout the kidneys between the reaald the SSK had the largest diameter in the renal tubule
tubules (Fig. 5A). The light microscopy analysis revealedith tall columnar epithelial. The collecting ducts were lined
that the renal parenchyma of m&bamaeleo calyptratus with low columnar epithelia (Figs. 5B,C). The SSK was
consists of the cortex and medulla but with no separatidistributed between renal tubules and lined by simple tall
between themChamaeleo calyptratukidneys consist of columnar glandular epithelial cells rest on clear basement
well-defined nephron components (renal corpusclesjembrane (basal lamina) with basally positioned nuclei and
proximal, intermediate, distal segments, and collecting duct)ear intracanaliculi between the cells (Figs. 5D and 6A-D).
The renal corpuscles consist of a tuft of blood capillarieBhe cytoplasm of SSK cells, containing mature secretory
known as a glomerulus, surrounded by squamous visceealsinophilic granules, stain intensely with H&E stain.
and parietal epithelium forming the glomerular capsullmtensely stained granules extend from the nuclei apically
associated with renal space between them, with a viscei@lthe lumen. The number and density of these granules in
layer in direct contact with the capillaries of the glomerulushe cytoplasm vary according to the hormonal status of the
The proximal tubule was lined by simple cuboidal to lovepecies and from one individual to anotfiére nuclei of
columnar epithelium with acidophilic cells that were staine8SK cells are rounded basal located with clear centrally
more intensely at brush margin (microvilli) at the apices dbcated nucleoli and central translucent colloidal material
the cells with basal rounded nuclei. The intermediate segmenllected in the lumen of tubules (Figs. 7A-C). Regarding
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Fig. 5. A. Photomicrograph of the kidney of mé@leamaeleo calyptratushowing representative density of sexual segments of kidney
during breeding season. The sexual segments are hypertrophied and localized in clusters, dis-tributed as wedge-shapetiehroughou
kidney between the renal tubules (RT). H &EL00. B. Photomicrograph of the kidney of a n@fmmaeleo calyptratushowing cross
section within parenchyma of the kidney with the sexual segments (SS). Two renal corpuscles are seen, each one carfdigtodf tuft
capillaries known as a Glomerulus (G) surrounded by the visceral (VI) and parietal layer (Pl) of glomerular capsule (B@). Proxi
tubules (PT) have large diameters lined by simple cuboidal epithelial cells with brush margin that lines the apiceshefliddecelbst
and an eosinophilic cytoplasm. Distal tubules (DT) have small diameters lined by simple cuboidal epithelial cells withile basoph
cytoplasm. Intermediate tubules (Int) have small diameters lined by simple cuboidal epithelial cells with a basophilio c@wjg#atng
duct (CD) lined by simple columnar epithelium, Blood vessels in the interstitium (I1S). H<&®@. C. Photomicrograph of kidney of
male veiled chameleohamaeleo calyptratyshowing the nephron of the kidney that composed of: glomerulus (G), proximal tubules
(PCT), Distal tubules (DT), Collecting duct (CD), the SSK is completely occluded by large, deeply red-staining granuleheeen in
cytoplasm of sexual segment (SSK). H &&400. D. Photomicrograph of the kidney of m@leamaeleo calyptratushowing cross
section within the sexual segments and proximal (PT) and distal (DT) renal tubules; basal lamina (BL) with fibroblastaild); gra
material (Gm); intercellular canaliculus (Ic); lumen (Lu); nucleus (Nu); secretory granules (Sg) contain numerous smadimed pro

the carbohydrate histochemistry, the secretory granulesajfices of all the epithelial cells of the SSK (Figs. 9B,C).
the SSK stained intensely and reacted positively witFhe secretory granules product most likely contained a
magenta color, the basement membranes renal tubules ghgoprotein or mucoprotein. The glomerulus, epithelium
microvilli of proximal tubules also positively stained withof renal tubules and the cytoplasmic granules of the SSK
PAS for neutral carbohydrates (Figs. 8A,B). The epitheliavere stained very weak positively or did not react with AB
cells of the rental tubules and the SSK stained intensely with pH 2.5 (Fig. 10A). Cytoplasmic secretory granules of
mercuric bromophenol blue technique (MBPB+) for proteinsexual segments stained red and the basement membrane
(Fig. 9A); darkly stained blue secretory granules fill thétained blue with Mallory trichrome stain (Fig. 10B).
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D

Fig. 6. A. Cross section stained with H & E through the kidneys of @taenaeleo calyptratudreas in the sexual segments
(SSK) with mature secretory granules, proximal tubule (PT); distal tubules (DT); Intermediate tubules (Int); lumen (Lu);
secretory material in the lumen (Sml); sexual segment (SS). k&@®D. part inside the square magnified in the next Figure.

H & E. x 200. B. Enlarged view of selected area of kidney of a @a&maeleo calyptratusxhibited cross sections within

the proximal tubules (PT), interstitial connective tissue (IS), two sexual segments (SSK) filled with coarse red-staining
granules in the apical portion of the cytoplasm (SG), intracanalicular intercellular canaliculi (Ic) also are seer.40@: E.

. C. Photomicrograph of longitudinal section in the sexual segments of the kidney (SSK)@harakeleo calyptratu3he

SSK lined by tall columnar epithelial cells rest on visible basement membrane (BM), apocrine secretin (APO) in the lumen
(LU), lamina propria connective tissue (LP) contains fibroblast (F), intercellular canaliculi (IC). Hx&4&0. D. Oil
immersion Photomicrograph of the sexual segment of the kidney (SSK) a€haateaeleo calyptratusith clear intercellular
canaliculi (IC) between tall columnar epithelial cells and visible basement membrane (BM). PAS Hifid.

DISCUSSION

The aim of the present study was to determine thheddish-brown, and divided into lobes and lobules (Zwart,
histology and histochemistry of the renal SSK of mal&964). Microscopically, the reptilian kidney consists of
Chamaeleo calyptratuduring breeding season using lightnephrons, with glomeruli and renal tubules that compare to
microscopy. Classic special histologic techniques were use@giammals, amphibia, and birds, but also with renal tubules
The kidney has become the subject of intensive investigatidhsit are short in comparison to those of mammals. A thin
by both histologists and physiologists (Anderson, 1960). layer of interstitial connective tissue separates the reptilian

nephrons and divides the parenchyma of the kidneys into

Anatomically, the kidneys of reptiles are located iobes and lobules (Zwart, 1964).
the caudal part of the abdominal cavity or retroperitoneally

in the pelvic cavity of lizards. Kidneys are attenuated, The results of this study demonstrated that the kidneys

1206



AL-SHEHRI, M. A. & AL-DOAISS, A. A. A morphological, histological, and histochemical study of the sexual segment of the kidneyof ti¥hamaéeleo calyptratuzeiled chameleon).
Int. J. Morphol., 39(4)1200-1211, 2021.

Fig. 7. A. Photomicrograph of the cross section within the sexual segments of the kidney Ghamakeleo calyptratushowing
rounded tubules with basal lamina (Bl) separates high columnar epithelial cells from the surrounding connective tissugs(GfT); ma
eosinophilic cytoplasmic coarse secretory granules (Sg) (contain numerous small red protein droplets) scattered throytghtasgrifie
lumen (Lu); basally situated rounded nuclei (Nu); Proximal tubules (PT) are situated between the sexual segmerts4®0 SBE.
Photomicrograph of cross section in the sexual segments of the kidney @hmataeleo calyptratushowing pentagonal or rounded
sexual segments of the kidney with wide lumen (Lu), lamina propria connective tissue (LP) contains fibroblast (F) ancbtdolds blo
capillary (B), sexual segments lined by tall columnar epithelial cells rest on visible basement membrane (BM) KOR.E. Oil
immersion Photomicrograph of the cross section within the sexual segment of the kidney@hamadéeleo calyptratushowing high
columnar epithelial cells with basally rounded nuclei (N) with clear nucleoli (n); mass of eosinophilic cytoplasmic coeiias secr
granules (Sg) (contain numerous small red protein droplets) scattered throughout the cytoplasm; basal lamina (Bl) wsth(fiprobla
intercellular canaliculi (IC). H & Ex 1000.

Fig. 8. A. Oil immersion Photomicrograph of the kidney of a nlamaeleo calyptratushowing cross section within the proximal
tubules (PT), distal tubule (DT) and sexual segments of the kidney (SSK) with positively-staining cytoplasmic secretosyngttanule
magenta colour. The basement membranes (BM) and microvilli (arrows) also positively-staining with periodic acid and 88kiff's (P
for neutral carbohydratez1000. PAS stain. B. Oil immersion Photomicrograph of the kidney of a@halmaeleo calyptratushowing
cross section within the sexual segments with magenta color positively staining cytoplasmic secretory granules (Sg)lahtiadasal
(BL) also positively-staining with periodic acid and Schiff’s (PAS+) for neutral carbohydrdi@@0. PAS stain.

of male Chamaeleo calyptratuare composed of renal renal corpuscle is composed of a glomerulus enclosed by
parenchyma with the cortex and medulla merged. The remgé glomerular capsule that is composed of simple squamous
parenchyma is composed of structural and functional unigpithelial parietal and visceral layers comparable to other
called nephrons. The nephrons of m&eamaeleo vertebrates. The neck segment connects the glomerulus to
calyptratusare composed of six distinct renal segments: fhe proximal tubule. The intermediate segment connects the
renal Malpighian corpuscle glomerulus, a neck segmentpgoximal to the distal tubule and is lined by simple cuboidal
proximal convoluted tubule, an intermediate tubule, a distapithelial ciliated cells. The intermediate segment gradually
convoluted tubule, and sexual segment/collecting duct. Th@rges into the distal tubule. The morphology and histology
reptilian renal corpuscle is the first part of each nephron, taethe intermediate segment of m&lekamaeleo calyptratus
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A D R B . & C ‘
Fig. 9. A. Photomicrograph of the kidney of a m@leamaeleo calyptratushowing cross section within renal tubules and sexual
segments. Epithelial cells of tubules and sexual segments react positively with mercuric bromophenol blue (MBPB+) imispecific f
identifying protein.PT (proximal tubule), SSK (sexual segments of kidréy)0.B. Photomicrograph of the kidney of a n@feamaeleo
calyptratusshowing cross section within renal tubules and the epithelial cells of three sexual segments. Epithelial cells of tuliles and t
cytoplasmic secretory granules of sexual segments react positively with mercuric bromophenol blue (MBPB+) is specifityfiogident
protein.PT (proximal tubule), SSK (sexual segments of kidney), BM (basement memibrk@). C. Photomicrograph of the kidney

of a maleChamaeleo calyptratushowing cross section within the sexual segment. Dark blue secretory granules fill the apices of all of
the epithelial cells in SSK. SSK (sexual segments of kidney), BM (basement membrane), N (nucleus). Mercuric bromophenol blue
(MBPB+) x 1000.

TR ‘ o 3
Fig. 10. A. Photomicrograph of the kidney of a m@lamaeleo calyptratushowing cross section within the sexual segments. The
cytoplasmic secretory granules react very weakly with Alcian blue (AB) at pH 2.5. Alcian blue is generally considereda@pecific
identifying acid mucosubstances whereas alcianophilia at pH 2.5. SSK (sexual segments of kidney), Lo @0theB)Photomicrograph
of the kidney of a mal€hamaeleo calyptratushowing cross section within renal tubules (RT) and sexual segments with red color
cytoplasmic secretory granules (Sg). The basement membrane (BM) positively-staining (blue) with Mallory trichromé@@ain.

is similar with the thick ascending part of the nephron loopgggregations. The nephron of the female is similar that of
(loop of Henle) in mammals. In male snakes and lizards, titee male but lacks the sexual segment of the kidney (Zwart,
terminal distal tubule becomes hypertrophied to form thE964). All these features of kidney histoarchitecture
sexual segment at the peak of sexual activity. The SSKagamined in the mal€hamaeleo calyptratusere similar
lined by tall columnar cells that reach a height two to fouwith those of other reptilians, such as Notomabuya frenata
times higher than that during non-sexual activity. They asnd Aspronema dorsivittatum (Squamata) (Nowtlal)

filled with large secretory granules which are extruded intand Urommastyx microlopis (Krohmet al., 2004a,b;

the lumen. The abundance and density of the sexual granlfémlef & Ata).

change according to seasonal fluctuations. During sexual

breeding season, the SSK is characterized by maximum  The hypertrophied nephron region of reptilian
hypertrophy and the cells are completely occupied by coatgdneys is called the renal sexual segment and is found only
darkly stained granules, but during sexual quiescence finemale Squamates (reptiles and snakes). It was described
granules are distributed throughout the cytoplasm in smétlr the first time by Gampert (1866) (Reguad &Policard,
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1903). The histology of the SSK of reptiles was describedONCLUSION
initially by Fox (1977) as a simple columnar epithelial cell
with rounded basally located nuclei. Previous studies on
Squamates showed some variation in the SSK location. The ~ The present study concluded that theamaeleo
SSK of snakes is located as part of the terminal segmeatlyptratuspossesses two, reddish-brown, attenuated
before entering the collecting duct. The SSK of lizards isdneys divided into lobes and lobules. Histologically, the
located at the distal tubule, involved as a small part of tlthameleon has no distinct limits between the cortex and
collecting ducts or part of the ureter (Rheule¢dl, 2014). medulla of kidneys.The kidneys have few nephrons
composed of the standard renal components. Mature male
In this study, simple tall columnar epithelial cells ofChamaeleo calyptratusossess hypertrophied parts of the
the SSK were observed, with rounded nuclei in the basdistal renal sexual segment lined by simple tall columnar
portion and coarse secretory granules scattered througheptthelial cells with rounded basal nuclei and numerous
the cytoplasm extended from the medial to the apical porti@pical secretory granules. The secretory granules stain
of SSK cells. These histological features of the SSK hamsitively with mercuric bromophenol blue for proteins and
been observed in several species of Squamata, suchreact intensely with PAS for neutral carbohydrates. This
Teretrurus sanguineus, Rena dulcis, Hydrophis ornatuspecies is an excellent model for histological studies of this
Hydrophis platurus, Ephalophis greyae, Aipysurus eydouxitlass. Additional histochemical and ultrastructural
Naja samarensis,Micrurus tengevelet al, 2012) Scincella investigations are needed on the kidneys and sexual segment
lateralis (Sever & Hopkins)Hemidactylus turcicuRheubert of Chamaeleo calyptratus further understand this animal.
et al, 2011), andropidurus torquatugMendest al).

Various articles have described the histology of th aCKNOWLEDGMENTS
kidneys and SSK of reptiles, such as the spedigsuya
brachypodgTaylor, 1956; Hernandez-Franyutial, 2005)
andSceloporus grammicus The author extends appreciation to the Deanship of
Scientific Research at King Khalid University, Abha, KSA
The current study observed that the SSK of the mafier funding this work through the General Research Project
Chamaeleo calyptratupossessed coarse cytoplasmiander grant number (G.R.P./55/42).
secretory granules stain positively for carbohydrates (PAS)
and proteins (mercuric bromophenol blue), but the AB
reaction was weak, which indicated that the SSK welg _sgHRI, M. A. & AL-DOAISS, A. A, Estudio morfologico,
contained glycogen, proteins, neutral and mucosubstancgstolsgico e histoquimico del segmento sexual del rifion del ma-
The carbohydrate content of the kidneys of nGlamaeleo  cho Chamaeleo calyptratu@amaledn velado)nt. J. Morphol.,
calyptratusplays a role in the renal physiology of mammal$9(4y1200-1211, 2021.
and reptiles in nitrogenous waste excretion (Schimming &
Vicentini, 2000), these results are parallel with Sever & RESUMEN: Este estudio tuvo como objetivo describir
Hopkins. Other studies found the secretory granules I@morfologla, hlstolo_gl’a e histoquimica de los rifiones y el seg-
always be rich in protein, but the PAS reaction was qui ento sexual en el rifion (SSK) dehamaeleo calyptratuga-

. . . L maleones de Yemen o camaleones con velo) recolectados duran-
variable (Rheube®t al, 2014). Histochemical findings of te la temporada reproductiva. Un total de 7 machos maduros de

the present study agree with previous studies that tB@amaeleo calyptratuieron capturados en su habitat natural
secretory granules of the SSK of the small lizardye diferentes areas en la region de Aseer de Arabia Saudita y
Eurolophosaurus nanuzaereacted positively and transferidos al laboratorio de reptiles donde fueron disecados los
consistently during the active reproductive season to the PASones. Posteriormente, se llevé a cabo un examen morfolégico
method, Bromophenol blue, and Sudan black. A positive A@ los riflones y se procesé la SSK para examenes con microsco-
reaction was weak (Melet al). The chemical contents of Pio 6ptico con el enfoque principal puesto en la morfologia y a
the SSK varied throughout the reproductive cycle of adJHstoIogla. Los resultados del estudio mostraronChemaeleo

: . calyptratusposee dos rifiones atenuados de color marrén rojizo
male Chamaeleo calyptratusDuring the reproductive divididos en lébulos (lobulados). En el estudio histologico se

season, the Cont?m of aC'd_ mUCOpOI_yS_aCCha“deS' ”e“'&E ervo que los rifiones de los camaleones no tenian limites de-
mucopolysaccharides, proteins, and lipids were presentgfiqos entre la corteza y la médula. En general, y similar a

the SSK and RSS activity varied seasonally. These chan@@®s reptiles, este lagarto demostré que los rifiones tienen pocas
in the chemical composition of the SSK could be related t@fronas, no muestran ningin asa de Henle y presentan pocos

changes in the functionality of the SSK throughout the yeglomérulos. La nefrona esta compuesta por componentes
(Melo et al). estandar: corpusculo renal (glomérulo rodeado por una pared de
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doble pared). Capsula de Bowman y tabulos renales (seis ségsobson, E. Rnfectious Diseases and Pathology of Reptiles. Color At-
mentos tubulares renales diferenciados como el segmento dellasand TextBoca Raton, CRC/Taylor & Francis, 2007.

cuello ciliado [entre el glomérulo y el segmento proximal], seglin: S- M.; Rodrigues, A. M. & de Souza, A. C. Histology and
mento proximal, segmento intermedio ciliado en lugar del asa histochemistry of the kidney and ureters of @@man crocodilus

. . . acare (Daudin, 1802)--Crocodilia ReptiliaRev. Bras. Biol.,
de Henle que conecta proximal y distal, segmento distal, seg- 25(1)97(_103 1995 ) ptiliag

mento terminal o segmento sexual y todos los segmentos Qygef, N. & Ata, T. Histological Study of Lizard Kidneyfommastyx

desembocan en los conductos colectores Los tejidos epitelialeSmicrolopig. Diyala Agric. Sci. J., 2(21-8, 2010.

que recubren la luz de estos segmentos varian desde célulam, O.; Sims, W. & Swinford, Asolation of Nannizziopsis sp. from

cuboidales simples hasta células columnares y columnares altasskin lesions of a veiled chameleon (Chamaeleo calyptrafesps

en la SSK. Los machos maduros@leamaeleo calyptratuso- A&M Veterinary Medical Diagnostic Laboratory, 2019. Available

seen partes hipertrofiadas de los segmentos renales distales, ddrom: https://tvmdl.tamu.edu/2019/01/15/isolation-of-nannizziopsis-

nominados SSK. Histolégicamente, la SSK activa consiste gn SP-from-skin-lesions-of-a-veiled-chameleon-chamaeleo-calyptratus/
. o A . . rohmer, R. W. Variation in seasonal ultrastructure of sexual granules in

células epiteliales plllndrlcas a!tas simples con pucleos basal €Sihe renal sexual segment of the Northern Water Shiskegia sipedon

redondeados, nucléolos centralizados claros y granulos secretoregjpedon. J. Morphol., 261(T7)0-80, 2004a.

gruesos apicales que se liberan de las células por un procggshmer, R. W.; Martinez, D. & Mason, R. T. Development of the renal

apocrino. Histoquimicamente, los granulos secretores se tifiensexual segment in immature snakes: effect of sex steroid hormones.

positivamente para las proteinas con azul de bromofenol Comp. Biochem. Physiol. A Mol. Integr. Physiol., 138854, 2004b.

mercurico y reaccionan intensamente al acido periédico_SChiﬁlS”e, K. C.Investigations of Biotremors in the Veiled Chameleon

(PAS) para obtener carbohidratos neutros. Este es el primer in-(Chamaeleo calyptratusMaster of Science Thesis. Masters Theses

forme sobre la histologia de la SSK@eamaeleo calyptratyy & Specialist Projects. Paper 3060018. Available from: https://

ST . B . digitalcommons.wku.edu/theses/3067
se suma al conocimiento de la biologia reproductiva, g,

S . . . onard, J. & Cordoba-Aguilar, Athe Evolution of Primary Sexual
biodiversidad y las estrategias reproductivas de los camaleones.cparacters in AnimalOxford, Oxford University Press, 2010.

Se r_equieren mas estudios para investigar la ultraestructuray getig, A.; Ketter-Katz, H. & Katzir, G. Relating lateralization of eye use
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chameleoh PLoS One, 8(8¢70761, 2013.
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