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     Abstract 

Adult cartilage comes in three different types: hyaline cartilage, elastic cartilage, and 

fibrocartilage. In several forms of cartilage, chondrocytes are described as a one-cell population. 

Chondrocytes are the manufacturers of the surrounding ECM and collagen type II fibers in hyaline 

cartilage besides the elastic fibers in elastic cartilage. Whereas the white adipocytes mainly 

compose the white adipose tissue and they are specialized in production, storage and mobilization 

of triglycerides. Early studies explored a unique type of chondrocyte in mouse, rat, and rabbit 

auricular cartilage having morphology similar to white adipocytes and identified it as 

"adipochondrocyte". The objective of the current study was to explore the differences between 

chondrocyte, adipocyte and adipochondrocyte morphologies in white New Zealand rabbits and to 

ascertain if adipochondrocyte is more comparable to chondrocyte or adipocyte morphology. The 

auricles, articular cartilage of carpal joint, and pre-renal white fat of adult male white rabbits were 

harvested and processed for histological examination with light and transmission electron 

microscopy. The adipochondrocytes appeared as hypertrophic white adipocyte-like chondrocytes 

occupied the auricular cartilage plate of the white New Zealand rabbits, similar to the characteristic 

"signet ring" appearance of the white adipocytes in pre-renal white fat. The adipochondrocytes were 

housed in lacunae within an ECM similar to chondrocytes of articular cartilage. The TEM 

examination had illuminated that the adipochondrocyte cytoplasm contained large lipid globule that 

flattened the eccentric nucleus and sparse organelles. Further studies are suggested to exploring 

molecular and functional features of adipochondrocytes, chondrocytes and adipocytes. 

Keywords: Adipochondrocytes, chondrocytes, adipocytes, Rabbit. 
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Introduction 

In animals, cartilage is a 

specialized type of connective tissue 

(Prydz, 2015). Adult cartilage comes in 

three different types: hyaline cartilage, 

elastic cartilage, and fibrocartilage. Each 

type supports particular musculoskeletal 

system functions (Amerman, 2021, 

Mescher, 2018). The C rings of the 

trachea, the laryngeal, costal, and nasal 

cartilages, as well as the articulating 

surfaces of the majority of bones include 

hyaline cartilage (Bissell and Steele, 2010, 

Carballo et al., 2017, Huber et al., 2000). 

The epiglottis, external ear, ear canal, and 

some of the smaller laryngeal cartilages 

include elastic cartilage (Gartner, 2020). 

Nonetheless, there are a few locations 

where fibrocartilage can be found, 

including some symphyses, the eustachian 

tube, intervertebral discs, and some 

articular discs (Gartner, 2020). Every form 

of cartilage is an avascular tissue made up 

of chondrocytes that are embedded in 

lacunae and are surrounded by 

extracellular matrix (ECM), which is 

produced and maintained by the 

chondrocytes themselves (Ahmed, 2007, 

Teng et al., 2017). The ECM consists of 

glycosaminoglycans (GAGs), 

proteoglycans, and fibers. Based on the 

majority and type of each structure of the 

ECM, the three cartilage subtypes could be 

differentiated (Martini et al., 2011, 

Naumann et al., 2002). The most prevalent 

and distinctive type of cartilage is the 

hyaline cartilage, which is enclosed by a 

well-defined perichondrium and is made 

up of a translucent matrix that seems 

glassy. Collagen fibers type II, water, and 

ground substances are the components of 

the matrix (Eyre, 2002, Gartner, 2020, 

Teng et al., 2017).  

Chondrocytes in hyaline cartilage 

scattered throughout the matrix attach via 

transmembrane proteins to the 

macromolecular framework they 

synthesize (Casale and Crane, 2019). 

Chondrocytes are flattened cells near the 

perichondrium (immature chondrocytes) 

and more rounded in deeper regions 

(mature chondrocytes). Chondrocytes in 

deeper regions are often arranged in pairs 

or groups of four to six, known as an 

isogenous nest because they are the 

offspring of a single chondrocyte during 

development (Sophia Fox et al., 2009, 

Nahian and Sapra, 2022). Even though the 

elastic cartilage has the same structure as 

hyaline one, the matrix also features 

collagen type II fibers embedded in a tiny 

amount of amorphous extracellular ground 

substance in addition to a thick, interwoven 

network of elastic fibers. The spherical 

chondrocytes in lacunae resemble those in 

hyaline cartilage in appearance, but they 

are more closely packed and are frequently 

seen singly, and isogenous nests are 

uncommon (Wachsmuth et al., 2006, 

Standring, 2021). A perichondrium 

surrounds elastic cartilage, just like it does 

hyaline cartilage (Gartner, 2020). Elastic 

cartilage in adult rats, mice, and rabbit’s 

auricle is unique as its chondrocytes are 

inhabited by large fat droplets resembling 

the white adipocytes, and its ECM is 

sparse; however it is rich in elastic fibers 

and has never been mineralized (Sanzone 

and Reith, 1976, Mallinger and Böck, 

1985, Kostović-Knežević et al., 1981, 

Bradamante et al., 1991, AHMED and 

Abdelsabour-Khalaf, 2018). According to 

Sanzone and Reith (1976), these 

chondrocytes are known as 

"lipochondrocytes," but more recently, 

these cells in the rabbit's auricular cartilage 



Araby et al., 2023                                                                                     SVU-IJVS, 6(3): 67-80 

69 

 

are known as "adipochondrocytes." 

(AHMED and Abdelsabour-Khalaf, 2018). 

White adipocytes, on the other hand, are 

cells of the white adipose connective tissue 

(WAT) that are specialized in the 

production, storage, and mobilization of 

triglycerides (Walther and Farese Jr, 2012). 

The white adipocyte is a spherical cell that 

has a single cytoplasmic lipid globule that 

occupies the majority of its volume and is 

encircled by a cytoplasmic film (Mota de 

Sá et al., 2017). The current study was 

carried out with the aim of exploring the 

variance in the morphology of 

chondrocytes, adipocytes, and 

adipochondrocytes in white New Zealand 

rabbits and to determine if 

adipochondrocyte morphology is more 

similar to chondrocyte or adipocyte 

morphology. 

Materials and Methods  

This study was performed with the 

approval from the Research Bioethics 

Committee (RBC) at Faculty of Veterinary 

Medicine, South Valley University 

research ethics under approval number 

“VM/SVU/23(2)-26”. 

Study area 

The current study was performed in 

the Histology Research Laboratory, 

Department of Histology, Faculty of 

Veterinary Medicine, South Valley 

University, Qena, Egypt. 

Sampling  

Apparently healthy, mature (6-month-

old) male New Zealand White rabbits (n = 

20) were obtained from VACSERA 

(Serum and Vaccine Center, 51 Ministry of 

Agriculture St., Dokki, Cairo, Egypt). The 

animals were slaughtered, and small pieces 

(0.5 mm) of auricles (Adipochondrocyte), 

knee joint articular cartilage 

(Chondrocyte), and pre-renal white fat 

(Adipocyte) were dissected. Sample 

specimens were washed well with normal 

saline (0.9% sodium chloride) and were 

fixed in 10% neutral buffered formalin 

(NPF; pH = 7.4) for 24 hours for the light 

microscopy and in 2.5% glutaraldehyde 

(10% neutral buffered formalin: 2.5% 

glutaraldehyde = 1:1) for 48 hours at 4  °C 

for examination with the transmission 

electron microscopy (TEM). 

Light microscopy 

Neutral-buffering formalin-fixed 

samples were dehydrated in ascending 

degrees of ethanol, cleared in methyl 

benzoate, then impregnated and embedded 

in paraffin wax. Paraffin sections (3-5 m 

thickness) were undertaken by the LEICA 

HistoCore AUTOCUT- Automated Rotary 

Microtome and were stained with 

hematoxylin and eosin (H&E) as a general 

stain, periodic acid–schiff (PAS) for 

neutral GAGs, alcian blue for acidic 

GAGs, combined PAS-alcian blue for both 

types of GAGs, Masson's trichrome for 

collagen fibers, Verhoeff-Van Gieson 

(VVG) for elastic fibers, and osmium 

tetraoxin (Osmium) (Abd-Elhafeez et al., 

2020a, Abd-Elhafeez et al., 2020b, 

Bancroft and Stevens, 1990, Gates et al., 

2016). Sections were examined with the 

light microscope (Leica DMLS). 

Photographs were captured with Leica 

digital camera (Leica ICC50) using ×4, 

×10, ×40 and ×100 objectives in JPEG 

format. 

Transmission Electron microscopy 

The samples were post-fixed in 1% 

osmium tetraoxide and washed by buffer 

phosphate, then were dehydrated in 

ascending grades of ethanol, then in 

propylene oxide. After that, the samples 

were infiltrated and embedded in Epon's 

resin. Semi-thin (0.5 m) sections were 

taken, stained with toluidine blue, and 

were examined by light microscopy. 
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Ultrathin sections (60–80 nm) were taken 

by ultratome (LEICA UCT), stained with 

uranyl acetate and Reynolds stain, and 

were examined by a transmission electron 

microscope (TEM) (JIOL 1010) at the 

Central Laboratory of the SVU. 

Results 

Morphology of Chondrocytes in the 

Articular Cartilage Covering Femur 

Bone in Knee Joint of the White New 

Zealand Rabbits 

Articular cartilage covering femur 

bone in knee joint of the white New 

Zealand rabbits was hyaline cartilage that 

wasn’t surrounded by a perichondrium 

(Fig. 1A). This articular hyaline cartilage 

was composed of the chondrocytes, which 

were located inside lacunae surrounded by 

a dense extracellular matrix (ECM). The 

chondrocyte appeared oval to spherical 

cells with large oval to spherical nucleus in 

transitional zone of the articular cartilage, 

and some chondrocytes were observed in 

isogenous groups (Fig. 1A, Fig. 2A). The 

cytoplasm of the chondrocyte contained 

few small lipid droplets that were appeared 

as empty spaces in paraffin section stained 

with H&E (Fig. 2A) and were clearly 

observed as small black droplets in 

osmium tetroxide stained specimens (Fig. 

3A). The ECM was subdivided into 

pericellular matrix, which surrounded the 

chondrocyte in the vicinity of the lacunae, 

a territorial matrix which surrounded the 

pericellular matrix, and the interterritorial 

matrix which was the biggest zone of ECM 

between the chondrocytes (Fig. 2A). 

Proteoglycans and collagen fiber type II 

were the main components of the ECM 

secreted by chondrocytes and were stained 

positively with Crossman's Trichrome stain 

(Fig. 1D, Fig. 2D). As well, collagen fibers 

were stained red by Verhoeff-Van Gieson 

(VVG) stain (Fig. 1G, Fig. 2G). The 

pericellular matrix positively reacted with 

alcian blue and PAS because it contained 

both of acidic and neutral 

glycosaminoglycan-rich cartilage 

extracellular matrix (GAGs), while, the 

interterritorial matrix gave positive with 

PAS and weak positive with alcian blue 

(Fig. 4A, D and G). 

The Transmission Electron 

microscope (TEM) examination shown 

that the chondrocyte contained large 

nucleus had euchromatin and 

heterochromatin (Fig. 5A) and was 

bounded by a well-defined nuclear 

envelope with dilated nuclear 

intramembrane space and outer nuclear 

membrane studded with ribosomes. The 

cytoplasm was full with a well-developed 

rough endoplasmic reticulum (RER). The 

RER was consisted of parallel arrays of 

narrow cisternae studded with ribosomes 

and had a dilated ends of cisternae. The 

chondrocyte was characterized by having 

cell processes and cell extrusions (Fig. 

5D). The pericellular matrix had a finely 

fibrillar appearance and the surrounding 

territorial matrix and interterritorial matrix 

contained type II collagen fiber (Fig. 5G). 

Adipocytes Morphology in the Pre-renal 

White Fat 

The white adipose connective tissue in 

the pre-renal white fat was formed mainly 

by white adipocyte surrounded by loose 

connective tissue (Fig. 1B). The white 

adipocyte was composed of a single large 

lipid globule occupies almost the entire 

cell cytoplasm and the nucleus rejected at 

the periphery of the cell (Fig. 2B). The 

lipid globule was dissolved through 

preparation of paraffin section leaving 

large empty space surrounded by a rim of 

cytoplasm, the characteristic “signet ring” 

appearance of the adipocytes (Fig. 2B). For 
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demonstration of fat on paraffin sections, 

the specimens were stained with osmium 

tetroxide and the lipid was appeared as 

large black globule almost filling the cell 

(Fig. 3B). Also the lipid globule was 

clearly observed in semithin section as 

large black or gray single droplet full all 

the cell leaving a thin rim of cytoplasm 

stained with toluidine blue (Fig. 3E). The 

extracellular loose c.t reacted positively 

with Crossman’s Trichrome and Verhoeff-

Van Gieson (VVG) stains (Fig. 1E, H). 

Additionally, the white adipose c.t 

presented positive reaction with PAS and 

gave weak reaction with alcian blue stain 

(Fig. 4B, E and H). 

The ultrastructure of the white 

adipocyte by TEM revealed that the thin 

rim of cytoplasm surrounded the single 

large lipid globule was contained most 

cytoplasmic organelles including small 

flattened periphery located nucleus where 

heterochromatin and euchromatin were 

existed (Fig. 5B). The thin rim of 

cytoplasm contained minute lipid droplets 

beside the large globule, mitochondria, 

Golgi apparatus and a few cisternae of 

RER (Fig. 5E, H). 

Adipochondrocytes Morphology in the 

Auricular Cartilage Plate of the White 

New Zealand Rabbits 

The adipochondrocytes were appeared 

as a hypertrophic white adipocyte-like 

chondrocytes occupied the auricular 

cartilage plate of the white New Zealand 

rabbits. The adipochondrocytes were 

housed in rounded to oval lacunae and 

occupied most of the central zone of the 

auricular cartilage. They were separated 

from each other by a sparse ECM and were 

enclosed by collagenous tissue of 

perichondrium. Moreover, there were 

smaller ovoid cells between the central 

hypertrophied adipochondrocytes and the 

perichondrium containing variable 

amounts of lipid droplets (Fig. 1C). 

Adipochondrocytes cytoplasm was mostly 

occupied by single large rounded to oval 

lipid globule, but some cells were 

contained smaller lipid droplets. Through 

paraffin section preparation, the lipid 

droplets of the adipochondrocytes 

dissolved leaving empty spaces surrounded 

by a rim of cytoplasm, similar to the 

“signet ring” appearance of the adipocytes 

(Fig. 2C). In osmium tetroxide-stained 

specimens, the lipid was look like as large 

droplets almost filling the cell in paraffin 

section (Fig. 3C) and in semithin section it 

was leaving a thin rim of toluidine blue-

stained cytoplasm (Fig. 3F). The 

adipochondrocytes had flattened 

peripherally located nucleus, while some 

cells were binucleated (Fig. 1C, Fig. 2C). 

The interterritorial and extracellular matrix 

between the adipochondrocytes contained 

abundant amount of elastic fibers stained 

positively with Verhoeff-Van Gieson 

(VVG) stain (Fig. 2I) besides the collagen 

fibers, which were demonstrated by 

Crossman's Trichrome stain (Fig. 2F). 

Moreover, the interterritorial matrix gave 

positive with PAS (Fig. 4C, I), but weak 

positive with alcian blue (Fig. 4F, I). Also, 

pericellular matrix stained strongly 

positive with alcian blue and positive with 

PAS because it contained both of acidic 

and neutral glycosaminoglycan-rich 

cartilage extracellular matrix (GAGs) (Fig. 

4I). 

The TEM examination illuminated 

that the adipochondrocyte contained large 

lipid globule that was surrounded by 

amorphous dark areas in the electron dense 

cytoplasm and dark nucleus (Fig. 5C). The 

cytoplasm contained sparse organelles and 

secretory granules (Fig. 5F). The plasma 
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membrane showed many cellular processes 

extended into a proteoglycan-rich ECM 

(Fig. 5C, I). The interterritorial matrix was 

consisted of a network of dense-granule  

proteoglycans integrated with amorphous 

areas of fibers were seen in some areas 

(Fig. 5I). 

 
Figure 1: Histological Structure of Articular Cartilage, Pre-Renal White Fat and Auricular 

Cartilage in Adult White New Zealand Rabbits 

Light micrographs of paraffin sections of articular cartilage covering femur bone in the knee joint (A, 
D, G), white adipocytes in pre-renal white adipose connective tissue (B, E, H) and adipochondrocytes 

in auricular cartilage (C, F, I) stained with H&E (A-C), Crossman trichrome (D-F), and Verhoeff–Van 

Gieson Elastic (G-I) stains. Transitional zone of articular cartilage (TZ), inter-territorial ECM (Im), 

chondrocyte inside lacune (c), bone matrix (Bm), interstitial connective tissue (ct), lipid globule (L), 
fat cell (FC), adipochondrocyte inside lacune (A), binucleated cell (bn), perichondrium (p), ovoid 

chondrocyte (red arrow) and elastic fibers (blue arrows); bars= 0.05 mm. 
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Figure 2: Chondrocytes, Adipocytes and Adipochondrocytes Morphology in Adult Rabbits 

Articular Cartilage, Pre-Renal White Fat and Auricular Cartilage 

Light micrographs of paraffin sections illustrate chondrocytes in articular hyaline cartilage covering 

fumer bone (A, D, G), white adipocytes in pre-renal white adipose connective tissue (B, E, H) and 
adipochondrocytes in auricular cartilage (C, F, I) stained with H&E (A-C), Crossman trichrome (D-F) 

and Verhoeff–Van Gieson Elastic stain (G-I). Chondrocyte inside lacune (c), pericellular matrix 

(yellow arrow), inter-territorial matrix (Im), territorial matrix ECM (m), lipid globule (L), fat cell 
(FC), adipochondrocyte inside lacune (A) and elastic fibers (blue arrows); bars= 0.02 mm. 

 
Figure 3: Variation of Lipid Content in Chondrocytes, Adipocytes and Adipochondrocytes in 

Adult White Rabbits 

Light micrographs of paraffin sections stained by osmium (A, B, C) and Semithin sections stained by 
toluidine blue (D, E, F) in adult rabbit’s articular hyaline cartilage (A, D), pre-renal white fat (B, E) 

and auricular cartilage (C, F). The figures clarify the lipid content (L); bars= 0.02 mm. 
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Figure 5: Chondrocytes, Adipocytes and Adipochondrocytes Ultrastructures in Adult Rabbit 

Articular Cartilage, Pre-Renal White Fat and Auricular Cartilage 

Electron micrographs of chondrocytes in articular hyaline cartilage in knee joint (A, D, G), Adipocytes 
in pre-renal white fat (B, E, H) and Adipochondrocytes in auricular cartilage (C, F, I) stained with 

Uranyl acetate and Reynold's stains. RER (R), nucleus (N), dilated nuclear intramembrane space (N 

sp), outer nuclear membrane (O Nm), cytoplasmic processes (c p), cell extrusions (ex), pericellular 
matrix (pm), territorial matrix (m), collagen fiber (yellow arrow), mineralized nodules (m n), large 

lipid globule (L), cytoplasm (p), small lipid droplet (ld), mitochondria (m), connective tissue (ct), 

adipochondrocyte (A), golgi apparatus (G) and secretory granules (white arrows); Bars= 500 nm in (A, 

B, C, F and I) and 100 nm in (D, G, E and H). 

 
Figure 4: The ECM Morphology in Adult Rabbits Articular Hyaline Cartilage, Auricular 

Cartilage and Pre-Renal White Fat 

Light micrographs of paraffin sections show ECM in articular hyaline cartilage (A, D, G), pre-renal 

white adipose connective tissue (B, E, H), auricular cartilage (C, F, I) stained with PAS (A-C), 
Alcian blue (D-F), and Alcian blue- PAS (G-I). Chondrocyte inside lacune (c), pericellular matrix 

(yellow arrow), territorial matrix ECM (m), inter-territorial matrix (Im), lipid globule (L), fat cell 

(FC) and adipochondrocyte inside lacune (A); bars= 0.02 mm. 
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Discussion 

Chondrocytes are usually described as 

one cell population and the sole cell type 

comprising all subtypes of the cartilage 

tissue (Salinas et al., 2019, Vincent and 

Wann, 2019). Some studies described that 

chondrocytes in the auricular cartilage of 

mice, rats, and rabbits are unique and have 

a morphology similar to that of a white 

adipocyte, as their cytoplasm is mostly 

occupied by large lipid globule, and they 

were termed "adipochondrocytes" or 

lipochondrocytes" (AHMED and 

Abdelsabour-Khalaf, 2018, Sanzone and 

Reith, 1976). The current study was carried 

out with the aim of rediscovering 

adipochondrocytes and exploring the 

similarity of their morphology to 

chondrocyte and adipocyte morphology in 

adult white New Zealand rabbits. 

Our investigation demonstrated that 

the chondrocytes in the articular cartilage 

covering the femur bone in the knee joint 

were situated inside lacunae that were 

enclosed by the ECM. The chondrocyte in 

the transitional zone were oval to spherical 

cells with large oval to spherical nuclei. 

Chondrocyte cytoplasm contained a few 

small lipid droplets that appeared as empty 

spaces in the paraffin section and as small 

black droplets in the osmium tetroxide-

stained specimens. Some studies have 

illustrated how those stratification zones of 

articular cartilage relate to stages of cell 

differentiation since chondrocytes in the 

most superficial zone are small, flattened, 

and immature cells, and the transitional 

zone includes proliferating spherical 

chondrocytes (Gadjanski et al., 2012, 

Matsiko et al., 2013, Newman, 1998). 

Proteoglycans and collagen fiber type II 

secreted by chondrocytes were the main 

components of the ECM, which was 

partitioned into a pericellular matrix, a 

territorial matrix, and an interterritorial 

matrix. Proteoglycans and ECM were 

stained positively with Crossman's 

trichrome stain. The pericellular matrix 

reacted positively with alcian blue and 

positively with PAS, and the interterritorial 

matrix gave a positive with PAS and a 

weak positive with alcian blue. Also, 

collagen fibers were stained red by the 

Verhoeff-Van Gieson (VVG) stain. The 

ECM of hyaline cartilage was described as 

being rich in proteoglycans and type II 

collagen fibers expressed by chondrocytes, 

giving a positive reaction with Trichrome 

stains, PAS, Alcian blue, and Bismarck 

brown stains (Deņisova et al., 2022, Endres 

et al., 2012, Gaytan et al., 2020, Nanduri et 

al., 2014). The ultrastructure of the 

chondrocyte exposed that its cytoplasm 

contained a large nucleus bounded by a 

well-defined nuclear envelope with a 

dilated nuclear intramembranous space and 

an outer nuclear membrane studded with 

ribosomes. The cytoplasm of the 

chondrocyte had a well-developed RER 

with dilated ends of cisternae, cell 

processes, and cell extrusions extended 

into the ECM that had a finely fibrillar 

appearance and contained collagen type II 

fiber. Other research has described the 

ultrastructure of the chondrocyte as having 

an euchromatic nucleus, and the cytoplasm 

contains abundant RER, mitochondria, 

lipid droplets, and glycogen granules 

(Fioravanti et al., 2010, Keenan et al., 

2019, Marlovits et al., 2003, Raabe et al., 

2010, Ungur et al., 2022, Yabe et al., 

2004).  

The current research illustrated that 

the white adipocyte in the pre-renal white 

fat was composed of a single large lipid 

globule that occupies almost the entire cell 

cytoplasm, with the nucleus rejected at the 

periphery of the cell. The lipid globule 
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looked like a large empty space surrounded 

by a rim of cytoplasm, giving it the 

characteristic "signet ring" appearance of 

the adipocytes. As well, the lipid globule 

appeared as a large black droplet almost 

filling the cell with osmium tetroxide 

stained specimens and a semithin section 

as a large black or gray single droplet 

filling the entire cell, leaving a thin rim of 

cytoplasm stained with toluidine blue. 

Moreover, the white adipocyte presented a 

positive reaction with PAS and gave a 

weak reaction with alcian blue stain. The 

extracellular loose c.t. reacted positively 

with Crossman’s Trichrome and Verhoeff-

Van Gieson (VVG) stains. The 

ultrastructure of the white adipocyte 

revealed that the thin rim of cytoplasm 

surrounding the single large lipid globule 

contained most cytoplasmic organelles 

such as Golgi apparatus, mitochondria and 

a few cisternae of RER, minute lipid 

droplets and a small flattened nucleus was 

pushed to the periphery of the cell surface. 

Early research illuminates that the thin film 

of cytoplasm contains most cytoplasmic 

organelles, including mitochondria, a small 

Golgi apparatus, a few cisternae of RER, 

and free polyribosomes. (Geltinger et al., 

2020). The mitochondria are small and 

elongated, with randomly oriented cristae 

(Frontini and Cinti, 2010). The cytoplasm 

is bound by a plasma membrane, and the 

nucleus is small and pushed to the 

periphery, where it appears as a blip on the 

surface of the cell (Ojha et al., 2014). The 

thin submembranous layer of cytoplasm 

enclosing the lipid droplet comprises 

cisternae of smooth ER (SER) and 

pinocytotic vesicles. TEM reveals a great 

abundance of caveolae in the cell 

membranes of most adipocytes, especially 

immature cells, and numerous minute lipid 

droplets beside the large droplet (L 

Mescher, 2018). 

This current investigation revealed 

that the adipochondrocytes in the auricular 

cartilage shared both characteristic 

morphological features of the chondrocytes 

in the articular cartilage covering the fumer 

bone in the knee joint and the adipocytes in 

pre-renal white fat in the white New 

Zealand rabbit. The adipochondrocytes 

were housed in lacunae, which were 

separated from each other by a sparse 

ECM. The adipochondrocytes are active 

chondrocytes that synthesize collagen, 

elastic fibers, GAGs, and proteoglycan, as 

confirmed by Crossman's Trichrome, 

Verhoeff-Van Gieson (VVG) alcian blue, 

PAS and PAS-alcian blue staining, and by 

TEM examination. The outer 

perichondrium, which is made of 

connective fibers and vessels, the inner 

perichondrium containing cartilage stem 

progenitor cells, the transitional layer 

comprising chondroblasts, and the mature 

cartilage layer having the chondrocytes 

located in lacunae and surrounded by a 

high intensity staining of alcian blue, 

safranin O, and toluidine blue GAG 

content of the territorial matrix with 

Crossman’s Trichrome-stained collagen 

fibers are all described as components of 

the human auricular cartilage (Liao et al., 

2019, Zucchelli et al., 2020). The 

adipochondrocytes contained electron-

dense cytoplasm with a dark peripheral 

nucleus, secretory granules, and the plasma 

membrane showed many cellular processes 

extended into a proteoglycan-rich 

territorial matrix, and that structure was 

similar to the chondrocytes in the articular 

cartilage covering the fumer bone in the 

knee joint. Early studies described the 

adipochondrocytes in the auricular 

cartilage of mice, rats, and rabbits as 
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hypertrophic white adipocyte-like 

chondrocytes having large lipid globule 

surrounded by electron-dense cytoplasm, 

which has Golgi apparatus with many 

secretory granules, developed RER, and 

cellular processes (AHMED and 

Abdelsabour-Khalaf, 2018, Sanzone and 

Reith, 1976). Also, these characteristic 

features are described in chondrocytes in 

the articular cartilage of different species 

(Keenan et al., 2019, Marlovits et al., 2003, 

Raabe et al., 2010, Ungur et al., 2022, 

Yabe et al., 2004). The amorphous 

materials around the lipid globule shown in 

this study were seen in the auricular 

cartilage of rabbits (AHMED and 

Abdelsabour-Khalaf, 2018) and paralleled 

those seen in the auricular cartilage of rats, 

where they were described as 

microfilaments (Kostović-Knežević et al., 

1981). 

In conclusion, the adipochondrocyte 

was a subtype of chondrocytes population 

that occupied the elastic cartilage of the 

white New Zealand rabbits, where they 

shared the morphological characteristics of 

both chondrocytes and adipocytes. Also, 

the adipochondrocytes appeared to be 

involved in the creation of the ECM and 

synthesis of both collagen type II and 

elastic fibers. These results should be 

considered when improving cartilage tissue 

engineering models, and more research is 

needed to further understand the molecular 

and functional characteristics of 

adipochondrocytes and to understand the 

importance of its content of lipid. 
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