Int. J. Morphol.,
41(5)1513-1526, 2023.

Histomorphological, Histochemical and Ultrastructural Studies
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SUMMARY: The livers of reptiles are being studied as a model for the link between the environment and hepatic tissue. There
have been few investigations on the histology of reptile livers, and very few or no studies have examined the histologfyveiliaee
chameleonChamaeleo calyptratQsThis paper describes the histomorphological, histochemical and ultrastructural characterization of
the liver of veiled chameleons in southern Saudi Arabia. Sekkamaeleo calyptratusere captured in the summer season in Abha City,
Aseer region, southern Saudi Arabia. Chamaeleon liver samples were processed for histomorphology, histochemistry ahdeuiltrastruc
analyses. Morphologically liver d€hamaeleo calyptratus/as observed as a large dark brown organ with lighter speckles, which
represent melanin deposits. It located at the ventral part of abdominal cavity forward of the stomach. Its dimensionstelyprexana
3.7x 2 cm. The liver was a bilobed organ divided into two lobes, right and left lobes. The right one was bigger than theethers. Th
gallbladder was well developed and had an elongated shape, situated between the two lobes and contained the bile fon.the digest
Microscopically, the liver was found to be covered by a thick layer of connective tissue, which formed the hepatic cajasiale. Hep
parenchyma probably appeared in cross sections as hepatic glandular-like alveoli “acini” or follicular structures wittiaméters,
each acinus contains approximately four to six hepatocytes, surrounded by sinusoidal capillaries filled with abundant ropleagesac
which are absent in birds and mammals. Melanomacrophages are common in the hepatic parenchyma's perisinusoidal argas, particula
near portal spaces. Hepatocytes are polyhedral or pyramidal with and mostly contained large, rounded nuclei mostly pecitierally
with prominent dark oval nucleoli. Some of nuclei are eccentric or central position. The cytoplasm appeared spongy od @acliolate
more eosinophilic when stained by hematoxylin-eosin and strongly reactive to PAS staining technique, indicating abundamt glycog
content. The reticular fibers that surround hepatocytes, blood arteries, and sinusoids supported the hepatic parenchlyoda. The bl
sinusoids are seen interspersed among hepatocytes of varying sizes. The sinusoidal lumen was bordered by flattenededisdothelial
and includes elliptical nucleated erythrocytes and liver macrophages as phagocytes, which are also known as Kupffecloeti®fBran
the portal vein, hepatic artery, small bile duct, and lymph vessels were detected in the hepatic portal area “tracthichtrizties up
of connective. Hematopoietic tissue was observed in subcapsular region and portal triads. Ultrastructurally, the hepatoegte app
polyhedric containing a single large rounded basal or eccentric vesicular nucleus with prominent nucleolus. Extensivé reetgfork o
endoplasmic reticulum (RER) often arranged in an array parallel to the nuclear membrane with many mitochondria, and &talg)i appar
were described. The cytoplasm contained glycogen granules, vesicles or vacuoles scattered throughout the cytoplasn #epecially a
apical region were reported. The bile canaliculi and the hepatic "Kupffer" cells were also discussed. This is the finsttsudy o
histological characterization of the healthy liver of Yemen veiled chameleon in southern Saudi Arabia. The findings repsheditie
be used as a reference to compare with the pathological abnormalities of the liver in this animal.
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INTRODUCTION while females live an average of three years, with males
living up to ten yearsChamaeleo calyptratus typically a
Reptiles are the planet's oldest fully terrestriaduiet, solitary species, but males are extremely territorial
vertebrates, dating back millions of years (Laslie, 2018and will engage in combat with other males (Melero Jura-
Reptiles include Crocodilia, Rhynchocephalia, Testudinatdp, 2020). Like other chameleons, they rarely drink from a
and Squamata. The Squamata order comprises lizards, whicter container. At least three times a day, a drip or artificial
are terrestrial creatures with well-defined feeding pattermain system should be installed, or water should be sprayed
(Frimianoet al, 2011). The Chamaeleonidae lizard reptilen the leaves. They are one of just a few chameleon species
family is distinguished by morphological features like as that can endure temperatures ranging from 23 t6G35
prehensile tail, independently spinning eyeballs, a ballisticsually, they can withstand temperatures ranging from 24 to
tongue, and the ability to change colors. Chameleons 26 °C during the day and 18 to 2@ at night. If the
chamaeleons (family Chamaeleonidae) are a group of saurtidrameleons kept in captivity, you need to create a
that have piqued the interest of biologists, veterinarians, aswrrounding that can mimic the natural environment. They
herpetology enthusiasts due to their unique anatomical amdjuire direct sunshine, UV light designed for reptiles, a
physiological properties, as well as their aesthetics, as mfotoperiod of 12-14 hours of light and 10-12 hours of night
2015, there were 202 species described (Glaw, 2015; Mel¢éogprevent metabolic bone disease and vitamin D deficiency,
Jurado, 2020; Al-Shehri, M. A. & Al-Doaiss, 2021).and a humidity level at about 60 to 80 %. Veiled chameleons
Chameleons have many morphological and physiologicate primarily tree-dwellers. You may provide branches and
characteristics as with all ectothermic reptiles, with awoods for them to climb inside the cage. In the wild, the
optimal temperature zone ranging from 20 t6G&Melero veiled chameleon is a solitary reptile. As a result, when a
Jurado, 2020). The chameleon, like other reptiles, playsvailed chameleon achieves maturity at roughly 8 to 10
crucial role in the ecology, by acting as a predator for varionsonths of age, it should always be housed in a single cage
non-vertebrate and tiny vertebrate creatures (Aheted, (Melero Jurado, 2020; ReptilesWeb, 2023). Veiled
2018). chameleons have large eyeballs that rotate on turrets and
can swivel 180 degrees and look in any direction without
Chamaeleon calyptratuéveiled chameleon), also rotating. their tongues are swift and lengthy, measuring
known as Yemen chameleons due to its origin. It is the mastarly 2.5 times the length of their bodies when fully exten-
well-known chameleon in the world and the most commonlyed. The prehensile tail serves as a fifth limb for balancing
seen in veterinary medicine (Melero Jurado, 2020). Thend stabilizing while grasping trees. The reptile is an
veiled chameleons are diurnal and arboreal lizard specm®nivore, which means it eats insects as well as fruits and
that are highly independent. In natut@hamaeleon vegetables (Eidtal, 2011; Gillette & Krysko, 2012; Lustig
calyptratusis a colorful reptile, indigenous to the Westerret al, 2013; Melero Jurado, 2020).
Yemen, Asir Province, Saudi Arabia's southwest of the
Arabian Peninsula. It lives primarily in humid coastal Chamaeleo calyptratuss currently classified as
lowlands, coastal slopes, and high plateaus (Gillette #&llows: Kingdom Animalia; Phylum Chordata — chordates;
Krysko, 2012). The average lifespan of the veiled chamele@ubphylum Vertebrata; Infraphylum Gnathostomata;
is 5 to 8 years, depending on sex. Males have an aver&yerclass Tetrapoda; Class Reptilia — Reptiles; Order
lifespan of 8 years, whereas females have a shorter lifesggguamata — Lizards; Suborder Iguania — Iguanas; Family
5 years, due to producing eggs over time. body (Melero JBhamaeleonid — Chameleons; Subfamily Chamaeleoninae;
rado, 2020). (“Veiled Chameleon Care Sheet [202@enus Chamaeleo — Chameleons; Spe€ieamaeleo
Updated],” n.d.). Like other lizards in nature, males arealyptratus Infraspecie€hamaeleo calyptratusalyptratus
brighter and banded in colors of bright green, yellow, and Chameleons; Speci€hamaeleo calyptratynfraspecies
brown, while females are green with no color pattern. THéhamaeleo calyptratusalyptratus(Barten & Simpson,
tall casque (helmet) on top of the head, is the simplest mettz@il9; Melero Jurado, 2020).
to recognize the veiled from other chameleons. If they are
the same size or age, the male casque is usually visibly bigger The liver is the largest vital accessory gland
than the female, but females have a larger body. Tarsal spacsompanied with the digestive system of the vertebrates
on the back foot of the male, are fleshy triangles that seéncluding the lizards. It plays a role in numerous and complex
to be ankles (Melero Jurado, 2020). The chameleon's bdawmctions: metabolic processes, bile secretion for fat
is laterally flattened. Males may grow to be 62 cm (18 to 2Z@mulsification and digestion, carbohydrate storage,
inches) in length, while females can grow to be 45 cm (10 pwoduction of plasma proteins, fetal hematopoiesis and
13 inches). At the age of 5-6 months, they acquire sexwdgtoxification of the blood (Akat & Goé¢cmen, 2014). The
maturity. Males live an average of five years in captivityljver participates in the storage of glycogen as an energy
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source that can be used in a variety of animal activities sughimals “Chameleons”. The present study was carried out
as sexual reproductive efficiency and metabolic variatiorm seven 1-year-old, 175-190 g, adult, mature @ha@maeleo
throughout the year, particularly in species influenced lgalyptratus(Fig. 1). During the summer of 2021, the animals
cold climatic fluctuations "hibernation period" (Frimiago were seized in Abha City, Aseer area, Saudi Arabia. The caught
al., 2011; Akat & Gé¢cmen, 2014: Kardong, 2018: Pawlinanimals were taken to the reptilian laboratory at King Khalid
& Ross, 2018). It is one of the most essential organs in thimiversity's Biology Department, College of Science, where
reptile’s body. Because it collects all the material receiveall experimental procedures were carried out. Before their
by the gut, secretes bile and plasma proteins, and playseathanasia and dissection, the animals were kept in adequate
important function in the body, it is the site of severatages at ambient temperatures 35 °C) with natural
metabolic activities (Mourat al, 2009). The livers of rep- photoperiods (12 hours of a light-dark cycle). Individuals were
tiles have been characterized macroscopically arather-anesthetized and subjected to gross, histological, and
microscopically by a few authors. A limited number ohistochemical examinations.
studies have discussed the anatomy of the digestive system
including the liver (Laslie, 2018). Reptile livers are used aSross examination.The gross morphological features of
a model for studying the relationship between ththe liver of adult male veiled chameleons were demonstrated.
environment and hepatic tissue. There have been f@&efore being sacrificed, the animals were anesthetized with
investigations on the histology of reptile livers (Ahnetd ether. According to (Jacobson, 2007; Terrell & Stacy, 2021),
al., 2018). The reptile liver is a good model for investigatinthe animals were opened through a medium incision from
the links between environmental influences and hepatike cloaca to the anterior limbs, exposing all the visceral
architecture. Thus, research on reptile liver is criticabrgans including the livers for gross morphological
especially in the field of problems affectingboth aquatic anekaminations by removing the rib cage and coelomic wall
terrestrial systems (Akat & Go¢cmen, 2014; Ahnedécal, on one side (Fig. 2).
2018). The approach to animal organ histology is centered
on using this knowledge effectively understand thelistological and histochemical studiesFresh pieces of
pathophysiology of animal diseases (Moawaéadl, 2017). each chameleon's liver (5 mm) were cut quickly and
preserved in neutral buffered formalin (10 %) and Bouin's
Although numerous studies on reptile livers in generablution for 48 hours. The fixed liver specimens were
have been conducted, and numerous researchers hpracessed for paraffin techniques using an Automatic Tissue
investigated the morphology and histology of Chamaeled®rocessor (ATP 1000, Histo-line, Italy) and dehydrated with
organs such as the tongue, skin, and eyes, and few studjesles of ethanol (70, 80, 90, 95, and 100 %), cleared in two
have examined the infected liver. Furthermore, no studiebanges of xylene, and impregnated with two changes of
of the healthy liver oChamaeleo calyptratyparticularly molten paraffin wax. Modular Tissue Embedding Center
its histomorphology and ultrastructure, have been conduct@dyr, EC350, Spain) was used to embed and block out the
(Laslie, 2018). As a result, the purpose of this study was $pecimens, and a series of section thicknesseprfd)-were
show the morphology, histology, histochemistry, andut using a rotary microtome (MR2258, Histo-line, Italy).
ultrastructure characterization of the liver of the veile@he liver sections were stained with the following stains:
chameleons in southern Saudi Arabia. hematoxylin and eosin (H&E) for general histology, periodic
acid-Schiff (PAS) for neutral carbohydrates, and Masson
trichrome for collagen fibers, as well as mercuric
MATERIAL AND METHOD bromophenol blue (MBPB) using an Automated Slide Stainer

Fig. 1A-C. (A): Image of an adult male veiled chamelgdhamaeleo calyptratdsdapted from Melero Jurado (2020). Note: Inset our
catchedChamaleo calyptratugB-C): lateral midsagittal skitchs of an adult male veiled chamelgbarfiaeleo calyptratysadapted
from O’Malley (2005) and Melero Jurado (2020).
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surrounding the stomach, lungs, intestines, and fat bodies.
The liver is measured approximately %2 cm. (Fig. 1).
As with all lizards, the chameleon’s liver is bilobed organ

- . composed of right and left lobe. It was easy to distinguish
TestSY  Kidney,. y between the right and left hepatic lobes because the right

, = lobe was larger and more defined than the left, which was
S s . viewed as a triangular form structure. The structure of the
e T . left hepatic lobe was fusiform. The liver is connected to the

dorsal body wall by a strong falciform ligament. The liver
possesses large dark green gallbladder which positioned
_ . between the two lobes in the notch on the inner surface of
b ; the right elongated lobe of the liver and aids in fat digestion.
o The bile duct links the liver to the duodenum. The hilus is

Stomach

. . : the center location of the liver, through which the portal vein
Fig 2. Topography of male of the veiled chamelg@hamaeleo and the hepatic artery travel (Figs. 2 and 3).
calyptratusshowing left lateral midsagittal view of the body,

showing the coelomic cavity of the animal after removing the skin
and ribs. The chameleon has large dark brown liver with two lobes
(right & left) and large gallbladder, anatomically the liver is located
in the ventral side of the coelomic cavity and surrounding the
pancreas, intestine, stomach and the lungs. Bar: 20 mm.

(Myr, SS30, Spain). An optical microscope (Olympus
Microscope BX53 with DP73 Digital Camera, Japan) was
used to inspect and photograph all stained sections. The
techniques of Bancroft (2008) and Suveaethal (2018) were
used for staining.

Transmission electron microscopyFor the transmission '
electron microscopy (TEM), small portions (3.0 mm) of liver
samples of chameleons were fixed in in 2.5 % glutaraldehyde

solution in phosphate buffer (pH 7.2—7.4) overnight at 4 © 'g 3. Photograph of liver of the male Chameleon

and then in 1 % osmium tetroxide. Samples were dehydra C(J\amaeleo calyptratl)l_showmg Ieﬁ and right lobes with
. . . . dark brown color associated with big dark green pear-shaped
at increasing concentrations of ethanol before bein

embedded in Epon resin. Polymerization of resin-embedd llbladder lying under the right lobe.

samples was allowed to occur at oven temperature (60 °C).

A glass knife was used to cut semithin (0.fri) and a Microscopic analysis of the liver

diamond knife to make ultrathin (80-100 nm) sections. To

select the suitable areas representing the desired The hepatic capsule and hepatic organization. The

observations, semithin sections were stained with toluiditieer of maleChamaeleo calyptratus coated by a thin layer

blue and studied with light microscopy. Ultrathin sectionsf connective tissue that forms the hepatic capsule, according

were stained with 5 % uranyl acetate and lead citrate tmmicroscopic analysis. The hepatic capsule is found in all

copper grids. Finally, these grids were analyzed with thers of vertebrates. this capsule composed of dense irre-

TEM (JEOL1011, Japan) at King Khalid University'sgular connective tissue” collagen fibers” and containing

Electron Microscope Unit, Abha, Saudi Arabia. smooth muscle fibers. Thin trabecular connective tissue
descending from the hepatic capsule helps to divide the
hepatic parenchyma into structural units known as hepatic

RESULTS lobules in most of the vertebrates (Fig. 4A, B). The liver of
Chamaeleo calyptratuoes not appear to be organized into
lobules. Furthermore, the hepatic plates are not positioned

Morphology of the liver. At the gross anatomy level, theradially around the central vein. The hepatic plates arranged

liver of maleChamaeleo calyptratuis a large dark brown as irregular follicles or alveoli “acini” surrounded by

organ, located at the ventral part of the coelomic cavitgpnnective tissue and melanomacrophage (Fig. 5A, D). The
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\ ..‘". T2 ¥ i BN 2 %,
Fig 4A, B. Light photomicrographs of the liver of male Chamel&ira(naeleo calyptratyshowing a
thick hepatic capsule (Glisson's capsule) composed of dense fibrous connective tissue and trabeculae
"blue color”. The capsule invested the hepatic parenchyma (H). In both subcapsular areas and portal
triads, hematopoietic tissue structures were detected in the connective tissue (arrow heads; A): Mallory
trichrome stain, (B): Masson trichrome stain), 200
& X it PN Nl

Fig.5A-D. Photomicrographs of a cross section through the liver of a male
Chamaeleo calyptratugA-B): There is no apparent lobular organization. Hepatic
cords are not radially arranged around the central veins (CV) they arranged as
irregular hepatic follicles or alveoli “acini” (alv) surrounded by connective tissue,
blood sinusoids (red arrows), and melanomacrophages (yellow arrows) containing
a brown-stating materials. 280H&E stain. (Ca): Photomicrograph of high
magnification of area in the square in the last figure, showing more details about
hepatic organization and arrangement of hepatic plates (H) around the central
veins (CV) as irregular follicles or tubules. 20H&E stain. (Cb): negative
image to show more details. (D): skitch of a cross section through the liver of a
maleChamaeleo calyptratushowing the hepatic organization.
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bile ducts, portal vein and hepatic artery branches are shoveeditral vein (CV) filled with nucleated RBCs in the lumen.
in the connective tissue of portal area of the hepatic tisslidined by endothelial cells and surrounded by layer of
(Fig. 6). The liver of a malehamaeleo calyptratusas good collagen fibers (Fig. 7A, B).
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Fig 6A, B: (A): Photomicrographs of liver of male ChameleBhdmaeleo calyptratyshowing the portal area

or “triad" of the liver (in the circle; B): portal area or triad containing a portal vein (V), hepatic artery (A) and
small bile ductules (B) embedded in large amount of collagen fibers connective tissue (CF).

Fig.7A-F. Photomicrographs
of a cross section through the
liver of a maleChamaeleo
calyptratusshowing hepatic
tissue (H) and irregular
hepatic follicles or alveoli
“acini” (alv). It contains cen-
tral vein (CV) and portal triad
(P) filled with nucleated blood
cells in the lumen. Central
vein and portal vein lined by
endothelial cells (red arrows)
and surrounded by a layer of
the collagenous fibers (CF)
(A): Masson trichrome stain,
(B): Mallory trichrome stain,
(C-D): H&E stain, 20&. (E-
F): Photomicrographs of high
magnification of area in the
squares in the last figure,
showing large elliptical
nucleated erythrocytes with
oval nuclei and different types
of leukocytes (monocytes”
M”, lymphocytes "L,
eosinophils “E”, lymphocytes
“L”, neutrophils “N”)
contained within the blood
plasma (*) in the lumen of
blood vessels and blood
sinusoids H&E stain, 100€
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Hepatocytes.The hepatocytes @hamaeleo calyptratus Melano-Macrophage centers “melano-macrophages
are large polyhedric and come in varied sizes with largells”. All the staining techniques utilized @hamaeleo
rounded vesicular nuclei and prominent nucleoli. Thealyptratusliver parenchyma allowed for the detected of a
nuclei are displaced toward the periphery of the cells. Tkensiderable number of melano-macrophage centers
hepatocytes are separated from the sinusoids by a nar(®WCs), which are unique groups of pigment-containing
subendothelial space called the Disse space. The sinusaieds known as melano-macrophages (MMs). They are
are capillaries coated by endothelial cells and macrophagessmally found in the hepatic tissues of amphibians, repti-
which are known as Kupffer cells in the liver. Lightles, and some fish, but absent in birds and mammals. The
microscopy examinations revealed that hexagonal hepatiepatic cells oChamaeleo calyptratusre similar to those
lobules cannot be seen, hepatocytes are not organizedfirother vertebrates, has abundant Melanomacrophages
cords along the sinusoids, but only the tubular or alveolegnters or macrophage aggregates (Figs. 9A, B and 10). The
(acinar) arrangement is apparent with narrow lumemselano-macrophages are numerous in amphibians and rep-
(Fig. 8A, B). tiles, except among snakes, in which they are less plentiful.
These cells have various functions among them synthesis of
The cytoplasm of the hepatocytes @fiamaeleo melanin, phagocytosis and neutralization of free radicals.
calyptratusappeared highly vacuolated and lightly stained
by H&E (Fig. 8C) and reacted weakly to PAS (Fig. 8D)Gallbladder. The gallbladder is a big dark green pear-shaped
These findings indicated an abundance of glycogen in thac lying under the right lobe (Fig. 3). It is contained within
cytoplasm. This is a characteristic commonly found ia notch, and it clearly protrudes beyond the surface of the
healthy individuals, since the stock of hepatic glycogen lver. The biliary canaliculi unite randomly to generate bile
the main reserve energy source. The parenchyma is suppodadts, the biliary system is comparable to that of mammals.
by delicate reticular fibers that surround the hepatocytes ahflde bile is carried by these channels to the gallbladder, where
sinusoids. it is stored and concentrated.

o
®.

Ko
a ‘o

J g ™ 2 = o AN ol
Fig.8 A-C. Photomicrographs of a cross section through the liver of &dimateaeleo calyptratudemonstrates the sponge-like appearance

of the parenchyma, which is composed of polyhedral hepatocytes with large peripherally located spherical nuclei having prominen
nucleoli. Hepatocytes are not organized in cords along the sinusoids, but only the follicular or alveolar (acinar) ariaraggrassrit

and separated by sinusoids (red arrows) containing erythrocyte. The sinusoids are capillaries coated by endothelicdced|saytem

which are known as Kupffer cells (K) in the liver. The hepatocytes are separated from the sinusoids by a narrow subspdothelial
called the Disse space (black arrows). H&E stain, Ax2@3C: 100¢.

vofense b , S o o C _ ,
Fig.9A-C. Photomicrograph of a cross section through the liver of aGhalmaeleo calyptratudisplaying (A,B): the hepatic cells (H)

with PAS positive granules, which signify the cells’ glycogen content. The granules predominantly concentrated at ohe salks of t
200x, 400%. (C): reacted weakly to mercuric bromophenol blue stain (MBPB).200

)

1519



AL-DOAISS, A. A.; ALSHEHRI, M. A;; SHATI, A. A.; ALFAIFI, M. Y.; AL-KAHTANI, M. A;; AHMED, A. E., EID, R. A.; AL-SHURAYM, L. A. ; AL-MEKHLAFI, F. A.; AL ZAHRANI, M.
& MUBARAK, M. Histomorphological, histochemical and ultrastructural studies on the healthy liver of Yemen veiled cha@Gtelewae(eo calyptratyisn southern Saudi Arabia.
Int. J. Morphol., 41(5)t513-1526, 2023.

” ‘T'"

ﬁ:‘i{t ®

.
@

y A
-

’ :‘ % . 2 o oy
Fig.10 A,B. Photomicrograph of a cross section through the liver of aGhalmaeleo calyptratushowing massive Melanomacrophage
Centers "MMC" (yellow arrows) and melanomacrophage harboring brownish-black staining materials. MMC as a histological marker of
immune function in reptiles, fish, and other poikilotherms. MMC is found in the blood sinusoids (red arrows) between ¢re\rezpiati

(alv). The parenchyma is supported by delicate reticular fibers that surround the hepatocytes and sinusoids. In thetaraisdidts,
elliptical erythrocytes with centrally placed nuclei and homogeneous cytoplasm are seen (red arrows). H&E >staid0@00

Histochemical studies of the liverLight microscopy of hepatocytes. Ultrastructurally, the hepatocyte appeared
the liver revealed that the hepatocyte glycogen granulgg|yhedral in the shape containing a single large rounded
stained intensely and positively with magenta color tgasal or eccentric vesicular nucleus with prominent high
periodic acid and Schiff's reagent (PAS+) for neutrad|ectronic density nucleolus. The chromatin is granular,
carbohydrates (Fig. 9A, B). Hepatocytes stained faintly fQfchromatin and heterochromatin distributed through the
proteins using the mercuric bromophenol blue methogjpace of the nucleus. Extensive network of rough
(MBPB+) (Fig. 9C). endoplasmic reticulum with many mitochondria, and Golgi
apparatus. (Fig. 11A). The perinuclear region of hepatocyte
Transmission electron microscopic examinationThe showed, nuclear envelope composed of inner and outer nu-
ultrastructural investigation of the liver @hamaeleo clear membrane fused at nuclear pores. The heterochromatin
calyptratus showed large hepatocytes separated by c@fistriputed on the inner nuclear membrane and around the
membranes that form the boundaries between th@cleolus while the heterochromatin diffused among the

P

5,

A ooy S B B ‘!{. A
Fig. 11A, B. Transmission Electron micrographs of the hepatic tissue of thelraalaeleo calyptratushowing (A): general morphology
of hepatocytes (H) contain large rounded basal or eccentric nuclei (N) with distinct nucleoli (nu), containing extensexelopbdi
rough endoplasmic reticula (RER), mitochondria (M), distinct cell membranes with boundaries between the hepatocytes (arrow), Ba
0.1 um. (B): high magnification of the perinuclear region of hepatocyte showing large rounded basal or eccentric nuclei (N) with
prominent nucleolus (nu) and hetero/euchromatin granules (Chr). The nucleus has a distinct nuclear envelope (ne) withesuclear p
(arrows). Abundant extensive rough endoplasmic reticula (RER) often arranged in an array parallel to the nuclear memtorétme, near
mitochondria (M), Bar = 0.im;
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center of the nucleus. There are abundant and extensinigochondrial matrix (Fig. 12B). Although bile canaliculi
rough endoplasmic reticula associated often arrangedhatween hepatocytes are found in apical cell areas, at the
an array parallel to the nuclear membrane. Mitochondnmiddle of tubules or alveoli. The bile canaliculus formed
come in a variety of shapes, from spherical to elongateat,the junction of hepatocytes boundary by cell membrane.
and are linked to the rough endoplasmic reticulum (Fig.he canalicular lumen is filled by microvilli of
11B). The supranuclear part of hepatocyte cytoplasparenchymal cells which exhibited apically located
contained glycogen granules, vesicles or vacuoles scattengidrovilli which are protruded inside a bile canaliculus.
throughout the cell cytoplasm especially at the apicdhe desmosomes and tight junctions occur around the bile
region, Golgi apparatus has slightly flattened cisternae, bitanaliculi between hepatocytes, contributing to complete
canaliculus, cell membrane of lateral surfaces of twpericanalicular junctional complexes (Fig. 12C). The
hepatocyte, sealed off with desmosomesi/tight junctiom&patic macrophage “Kupffer” phagocytic cell has irregu-
(Fig. 12A). The mitochondria vary in shape and size frotar shaped and pseudopodia with irregular nucleus. The
rounded to elongated and are surrounded by extenskepffer cell extended from the sub-sinusoidal space “space
network of rough endoplasmic reticulum cisternae. Thaf Diss” between the sinusoid and the hepatocyte. The
mitochondrion has double mitochondrial membrane “innelupffer cell contains many phagocytosed materials and
outer”, intact thick cristae embedded within theaumerous lysosomes (Fig. 12D).

Fig. 12A-D Transmission Electron
micrographs of the hepatic tissue of the male
Chameleo calyptratushowing (A): the
supra nuclear part of hepatocyte cytoplasm
contained vesicles or vacuoles (V) scattered
throughout the cell cytoplasm especially at
the apical region, Golgi apparatus (Go) has
slightly flattened cisternae, bile canaliculus
(Bc), glycogen granules (g), cell membrane
of lateral surfaces of two hepatocyte (arrow),
sealed off with desmosomes/tight junctions
(red arrowheads); vacuole (V), Bar = 0.5
um. (B): distribution of mitochondria (M)
through the cytoplasm of hepatocyte and
surrounded by rough endoplasmic reticulum
cisternae (RER). The mitochondrion has
double mitochondrial membrane “inner/
outer” (black arrow), intact thick cristae
(white arrow) embedded within the
mitochondrial matrix (X). (C): the bile
canaliculus (Bc) formed at the junction of
hepatocytes boundary by cell membrane
(arrow), microvilli of hepatocytes (mv)
protruded inside a bile canaliculus,
Desmosomes, and tight junctions of
junctional complexes (Jc) occur at bile
canaliculus, note the lysosomes (Ly) and
vacuole (V). Bar = 0.fm; (D): The hepatic
macrophage “Kupffer” phagocytic cell (K)
extended from the sub-sinusoidal space
“space of Diss” (white arrows) between the
sinusoid (S) and the hepatocyte (H) and
having many pseudopods. The Kupffer cell
has irregular shaped, irregular nucleus (N),
cytoplasm containing numerous electron-
dense lysosomes (ly) and many
phagocytosed materials (black arrow). Note
the blood sinusoid contains blood plasma
(P), Bar = 0.5um.
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DISCUSSION reported that the portal triad comprises branches of the
portal vein, hepatic artery, and bile duct, as well as lymph
arteries and neurons. Gardner & Oberdorster (2016)

There are still few studies that have studied the liveliscovered that the anatomical pattern of the liver split into

of reptiles both morphologically and microscopically. Littlelobules is not evident in all reptiles and may even be missing

is known about the histomorphological aspects of most rejp-others, such as lizards.

tiles including turtles, lizards and snakes (Ahneedal,

2018). Furthermore, the chameleon liver has some
connective tissue stroma around the major vein, as well as

The liver is the largest accessory digestive gland the sinusoidal walls and portal triads. Other researchers

vertebrates, including reptiles. It performs numerouasbserved that the parenchyma is maintained by a connective

essential activities and serves as metabolic organ of eatigsue stroma that surrounds the hepatocytes, blood sinusoids,

processing of substances absorbed by intestinal capillaraasd portal region in the livers of some lizards (Maatral,

and transmitted to the liver via the hepatic portal veiB012; Nafady & Awadalla, 2019).

(Frimianoet al, 2011). Itis a site of many metabolic activities

and nutrients absorbed in the digestive tract are processed The liver possesses large dark green gallbladder

and stored for use by other parts of the body (Akiyoshi &hich positioned between the two lobes in the notch on the

Inoue, 2012; Akat & Gécmen, 2014). Because it metabolizémer surface of the right elongated lobe of the liver and aids

stores, synthesizes, and removes the chemicals received;itfat digestion. The bile duct links the liver to the duodenum.

organ is one of the most essential in the organism. It al$be hilus is the center location of the liver, through which

generates bhile, an exocrine secretion of the liver cells thtae portal vein and the hepatic artery travel (Haetdil,

aids in fat breakdown and absorption (Frimiahal, 2011). 2014; Barten & Simpson, 2019; Melero Jurado, 2020).

In healthy adult reptiles, the liver is bilobed, dark According to the findings of the current study, few
brown to black in color. Chameleon livers are brownish grayepatocyte nuclei are eccentric located, while the majority
in hue and have two lobes, with the right lobe being biggare displaced peripherally. Similar results were reported
and possessing a greenish-colored gallbladder between @heut the liver of lizaréd\canthodactylus boskian{idafady
lobes of the liver. This finding is consistent with Ahnetd & Awadalla, 2019), the liver of th®odocnemis expansa
al. (2018), who reported similar findings on the Nile(Moura et al,, 2012), the liver of the lizardropidurus
monitor's liver, which was a huge dark brown bi-lobed orgaorquatus(Frimiano et al, 2011) and the liver of dwarf
with the right lobe being larger than the left. The microscopirocodileP. geoffroanugMouraet al, 2009). However, our
examination revealed that the liver of chameleon was coveradings disagree with the results recorded in the liver of
by a thick hepatic “Glisson’s” capsule. The hepatic capsuléhamaeleo calyptratuéEid et al, 2011), and the liver of
is a connective tissue layer and some smooth muscle fibedsteolaemus tetrasp{Storchet al, 1989), which reported
Similar results were reported about the liver of lizarthat the nuclei are found in the center of the cells.
Acanthodactylus boskian(idafady & Awadalla, 2019). This
capsule like the “Glisson” capsule in the mammals, which TheChamaeleo calyptratugser hepatic cords were
aids by the trabeculae in the partition of the hepatiwot observed; instead, the hepatic parenchyma consisted of
parenchyma into lobules (Beddard, 1907; Ross & Pawlinaepatocytes organized in glandular-like alveoli "acini" or
2003; Necas, 2004). The thickness of the capsule maytdular structures. In some fishes, the hepatocytes are
due to consumption of stored materials during hibernatioatranged as glandular acini surrounded by biliary canaliculi
There are considerable morphological changes occurred ittamptonet al, 1985). These findings are consistent with
the liver parenchyma and thickness of the hepatic fibroughat we observed in the liver @hamaeleo calyptratys
capsule during hibernation (Maryetal, 2009). where the hepatocytes are most likely organised as acini

surrounded by twisted sinusoidal capillaries in cross section.
Histological analysis demonstrated that th&his finding contrasted from that of Mouea al (2012),
polyhydric hepatocytes were arranged in tubular or acinaho found that the hepatocytes Bf expansa liver
structures and surrounded by sinusoids and portal triadssembled twin strings of cells wrapped by twisted sinusoidal
The portal triad in the liver tissue consisted of a bile ductcapillaries. Frimianaet al (2011) discovered polyhedral
portal vein, and a hepatic arteriole. However, no hepatimbules separated by a thin layer of interlobular connective
lobules were observed. This conclusion is consistent witissue in the liver of the lizartropidurus torquatusThese
the results of Ahmedt al (2018), on reptilian animal “the features have been identified by Gardner & Oberdorster
Nile monitor, and with Nafady & Awadalla (2019) who(2016), who proposed a tubular configuration of hepatocytes
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with laminar threads. Most animals, including reptiles, havdefense because they eliminate harmful and foreign
two cells in these tubules (Storetal, 1989). In mammals, chemicals, remove degenerated blood cells, and hemoglobin
the hepatic cells arranged in different ways as one-cell-thi(Ross & Pawlina, 2003; Naitd al.,, 2004; Jacobson, 2007).
plates, two/several-cell-thick plates or as a solid or tubular
kinds, or as the multi-layered hepatocytes in teleosts The livers of snakes and certain lizards are thin, but
(Akiyoshi & Inoue, 2012). Most hepatocytesGiiamaeleo thick and compact in many other reptiles. Lizard hepatic
calyptratusliver were polyhedric or pyramidal form which cells are similar to those of other vertebrates, with the
come in varied size (Eiet al, 2011). Hepatocyte contains exception of melanomacrophages, which are missing in
one rounded nucleus which was located mostly in therds and mammals (Agius & Roberts, 2003; Nafady &
periphery, but few nuclei are eccentric. Similar observatiolwadalla, 2019).
was reported by Nafady & Awadalla (2019) for the liver of
lizard Acanthodactylus boskianushmedet al (2018) for Usually, the portal triads of vertebrates are found in
liver of Nile monitor, Mouraet al (2009) forPhrynops the portal gaps between the hepatic lobules and are made
geoffroanusand Firminaet al, 2011 for liver of the lizard up of connective tissue-encased branches of the portal vein
T. torguatus while Petcoffet al, 2006 showed the and hepatic artery, bile duct, and lymph vessels (Akiyoshi
hepatocyte in fish liver varying from polyhedral to rounded. Inoue, 2012). Chameleon liver showing elliptical
shape. Each hepatocyte contain large, rounded and cengrgithrocytes with typically centrally located nuclei and
nucleus with a prominent dark nucleolus (Ahnetdal, homogenous cytoplasm in hepatic blood sinusoids €Eid
2018). A finding differs from that reported by Ed al  al., 2011; Nafady & Awadalla, 2019).
(2011) for the liver of Chameleon and with @steolaemus Glycogen
tetraspis who found nuclei located in the center of the
hepatocytes. Chameleon liver showing elliptical The cytoplasm was appeared as eosinophilic and
erythrocytes with typically centrally located nuclei andgpongy vacuolated found when analyzed by the
homogenous cytoplasm in hepatic blood sinusoids, the poiti@dmatoxylin-eosin staining. Moreover, it was strong
area and central vein, this finding was confirmed byetid reactive to PAS, indicating the presence of glycogen. The
al. (2011). the central vein surrounded by a layer cfimilar result was reported about the liver of lizard
collagenous fibers, the same results was reported in the livaranthodactylus boskianydlafady & Awadalla, 2019).
of lizard Acanthodactylus boskianby Nafady & Awadalla The liver is involved in the storage of glycogen, as an energy
(2019). source that may be used in a range of animal activities,
such as sexual reproductive efficiency and metabolic
All the staining techniques used here detected largariations throughout the year, especially in species that
guantities of melanomacrophages in the hepatare influenced by cold climatic fluctuations where
parenchyma. The similar result was reported about the livieibernation occurs. It was weak reactive to MBPB,
of lizard Acanthodactylus boskian(idafady and Awadalla, indicating inadequate of mucopolysaccharides and protein
2019). According to Frye (1991) and Nafady & AwadallgFrimianoet al, 2011; Akat & Gé¢cmen, 2014; Kardong,
(2019), these cells are abundant in amphibians and reptil2818; Pawlina & Ross, 2018).
with the exception of snakes, where they are less abundant.
The melanomacrophages are probably involved in many The ultrastructural investigation of the liver of
functions in organs of poikilotherms vertebrate as synthesthamaeleo calyptratuseported that, the hepatocytes are
of melanin phagocytosis and protection against pathogsimilar to those of other vertebrates with the exception of
in addition to neutralization of free radicals (Gall@@l, melanomacrophages. Previous findings revealed that the
2007). Since, melanomacrophages are not present in bilidard hepatic cells are identical to those of other vertebrates,
or mammals, they are normally found in the liver oWith the exception of melanomacrophages, which are
amphibian, reptiles, and some fishes (Ribeiral,, 2011; missing in birds and mammals (Agius & Roberts, 2003;
Kardong, 2018; Nafady & Awadalla, 2019). These resulBertolucciet al, 2008; Nafady & Awadalla, 2019).
are similar to those found by Moueaal (2009), liver of
the Phrynops geoffroanuglso, Akat & Gé¢cmen (2014), The ultrastructural investigation of the liver of
was demonstrated these cells in liver parenchymia. of Chamaeleo calyptratusevealed large hepatocytes
arikani. The hepatic parenchyma was separated by sinusosdgparated by cell membranes that form the boundaries
that are lined with endothelial cells and Kupffer cellsbetween the hepatocytes. The hepatocyte appeared
Kupffer cells commonly known as stellate hepatic sinusoidablygonal or pyramidal in the shape containing a single
macrophages. They are monocyte-derived cells that migrateinded basal or eccentric vesicular nucleus with prominent
into the liver sinusoids. They are important in immundigh electronic density prominent nucleolus. The similar
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result was reported about the liver of lizawhnthodactylus The hepatic macrophage “Kupffer” phagocytic cell
boskianus(Nafady & Awadalla, 2019), foPhrynops hasirregular shaped and pseudopodia with irregular nucleus.
geoffroanugMouraet al., 2009), forTropidurus torquatus The Kupffer cell extended from the sub-sinusoidal space
(Frimianoet al, 2011), and with the results Abtyanax “space of Diss” between the sinusoid and the hepatocyte.
astyanax(Bertolucciet al, 2008), which referred to the The Kupffer cell contains many phagocytosed materials and
same ultrastructure. numerous lysosomes, because the Kupffer cell acts as a
hepatic macrophage that scavenges free radicals (Nafady
There are abundant and extensive rough endoplasridwadalla, 2019).
reticula associated with outer nuclear membrane and with
many mitochondria, and Golgi apparatus. RER is often
arranged in an array parallel to the nuclear membraf@ONCLUSION
Mitochondria come in a variety of shapes, from spherical
to elongated, and are linked to the rough endoplasmic
reticulum. Our findings corroborated previous research that This is the first study on the histological
showed an increase in the number of mitochondria in tiebaracterization of the healthy liver €&hamaeleo
liver and muscles of animals during hibernationcalyptratusin southern Saudi Arabia. The morphological,
Furthermore, animals housed at a lower temperature halistological, and ultrastructural descriptions of the liver of
better formed rough endoplasmic reticulum, as evidenc&hamaeleo calyptratutead to the conclusion that this
by an increase in the endoplasmic reticulum as well as thgecies is an excellent model for studies of this class, and
number of mitochondria and peroxisomes (Bertolatal, the findings presented here should be used as a reference to
2008; Nafady & Awadalla, 2019). compare with the pathological abnormalities of the liver in
this animal. Morphologically, the liver a€hamaeleo
Glycogen was abundant in the cytoplasm ofalyptratusis described morphologically as a bilobed dark
hepatocytes as tiny granules scattered throughout the ¢ebwn organ with rectangular form, occupying the cranial
cytoplasm especially at the apical region. This result wasgion of the coelomic cavity and surrounding by the
similar to those found ifrachomys scripta elegans pancreas, intestine, and stomach. Microscopically, the
(Marycz et al.,, 2009) and the liver of the lizard hepatic parenchyma surrounded by thick capsule with short
Acanthodactylus boskianyblafady & Awadalla, 2019). trabeculae. The hepatocytes were polyhydric cells, arranged
The major reserve energy source in healthy animalsirstubular or alveolar structures and surrounded by sinusoids
hepatic glycogen, which is acclimated to low temperaturesmd portal triads. However, no clear hepatic lobules were
and exhibits a high level of glycogen as the temperatuobserved. The hepatocytes showed strong react with PAS
drops (Nafady & Awadalla, 2019). stain due to the high content of glycogen and MBPB
indicating the low content of mucopolysaccharides and
Bile canaliculi between hepatocytes are found iprotein respectively. Ultrastructurally, the hepatocyte
apical cell areas, at the middle of tubules or alveoli arappeared polyhedric containing a single large rounded basal
few perisinusoidal canaliculi do occur. The bile canaliculugr eccentric vesicular nucleus with prominent nucleolus.
formed at the junction of hepatocytes boundary by cdiixtensive network of rough endoplasmic reticulum with
membrane. The canalicular lumen is filled by microvilli ofmany mitochondria, and Golgi apparatus were observed.
parenchymal cells which exhibited apically located’he cytoplasm contained glycogen granules, vesicles or
microvilli which are protruded inside a bile canaliculusvacuoles scattered throughout the cytoplasm especially at
These findings are consistent with findings of Bertolucdhe apical region were showed. The bile canaliculi with
et al (2008) for livers ofAstyanax altiparanaeand microvilliand the hepatic "Kupffer” cells were also reported.
supported by Nafady & Awadalla (2019) for liver of the
lizard Acanthodactylus boskianusvho mentioned
ultrastructurally the polygonal hepatocyte has threBRCKNOWLEDGMENTS
surfaces, the sinusoidal surface of the hepatocyte plasma
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AL-DOAISS, A. A.: ALSHEHRI, M. A.; SHATI, A. A.: gran tamafio con un nucléolo prominente. Se describioé una ex-
ALFAIFI, M. Y.: AL-KAHTANI, M. A.: AHMED, A. E., EID, tensa red de reticulo endoplasmico rugoso, a menudo situada en
R. A.: AL-SHURAYM, L. A.: AL-MEKHLAFI, F. A.: AL una disposicion paralela a la membrana nuclear con muchas

ZAHRANI, M. & MUBARAK, M. Estudios histomorfol6gicos, Mitocondrias, y el complejo golgiense. El citoplasma contenia

histoquimicos y ultraestructurales en el higado sano del camaldélfgnulos de glucégeno. Se reportaron vesiculas o vacuolas dise-

velado de YemenQhamaeleo calyptratiysen el sur de Arabia Minadas por todo el citoplasma, especialmente en la region apical.

Sauditalnt. J. Morphol., 41(5).513-1526, 2023. También se discutieron los canaliculos biliares y los

macrofagocitos estrellados (células de Kupffer). Este es el pri-

RESUMEN: En este trabajo se analizaron los higados dger estudio sobre la caracterizacion histolégica del higado sano

los reptiles como modelo de la relacién entre el medio ambier§iel camaleon velado de Yemen en el sur de Arabia Saudita. Los

y el tejido hepatico. Hay pocas investigaciones sobre la histolod@/lazgos aqui reportados deben usarse como referencia para com-

del higado de los reptiles, y muy pocas o ningln estudio queR@{ar con las anomalias patologicas del higado en este animal.

examinado la histologia del higado del camaleén velado

(Chamaeleo calyptrat)sEste articulo describe la caracteriza- PALABRAS CLAVE: Higado; Chamaeleo calyptratys

cion histomorfoldgica, histoquimica y ultraestructural del higgcamaleon velado de Yemen; Histomorfologia; Reptiles;
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