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Micro-ultrastructure Features of Liver in Chinese Taihe
Black-bone Silky Fowl (Gallus gallus domesticuBrisson)
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SUMMARY: In this work, the morphological features of liver in Chinese Taihe black-bone silky Fowl (BSF) were analyzed by
light microscope and transmission electron microscopy. The results showed that two kinds of hepatocytes were preser$in Taihe B
liver, i.e., the dark and the light hepatocyte. The dark hepatocyte was electron-dense and lager, with many organelledrianitocho
especially. The light hepatocytes were smaller than the dark. They had electron-lucent cytoplasm with a small numbetlesf organel
Furthermore, there were lipolysosomes in the light hepatocyte. The numerous long and serried finger-like microvilli sfiéad into
canaliculus lumen. The glycogen granules intensely stained, spread in some hepatocytes. Numerous glycogen granules scattered in
cytoplasm especially near bile canaliculi. However, lipid droplets were not observed in any hepatocytes. The naturdiepaiotofies
were observed in Taihe BSF liver. The hepatocytes which contain abundant uesicae-like endoplasmic reticulum closed ¢he apoptoti
hepatocytes and spread the process to approach the cell residual bodies. Besides, there was a macrophage with sevesalrphagosome
conclusion, the dark and the light hepatocyte were present in Chinese Taihe BSF liver. They were different from electnoti-dense
organelles. The hepatocytes of Taihe BSF could undergo natural apoptosis, regeneration and renew ability.
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INTRODUCTION

The silky fowl Gallus gallus domesticuBrisson) is  migration, proliferation, and differentiation. Moreover, silky
noteworthy as a source of phenotypic variations ndédwl can as a biological model of researching melanoma
commonly seen in other domestic breeds of chickeand cosmetics for white skin of human (Dorshaisal,
representing a few of the vast array of morphologica010).
differences present across various domesticated poultry
species (Dorshoret al, 2010). There is a characteristic The silky fowl originate in China (Muroyet al 2000;
feature of the silky fowl when compared with the otheFaracoet al, 2001; Ortolani-Machadet al 2007; Haw
common chickens (Muroyet al, 2000) is the presence of2006). The Chinese Taihe Black-bone silky fowl (BSF;
melanocytes in the skin, and the melanocytes can producallus gallus domesticuBrisson) is a special species of
lot of melanin in various organs including skin, musclesoposter originating in the Taihe County, east of Wushan
periosteum, trachea, mesentery, digestive canals, ovary anduntain in the Jiangxi Province of China with
testis (Tuet al, 2008), e.g., hyperpigmentation.hyperpigmentation, and has been raised for over 2000 years.
Hyperpigmentation is an extremely rare condition in moSthe Taihe BSF is a special species with snow-white silky
of other homoeothermic vertebrates. This presents &uather (Fig.1 A) but black skin (Fig.1 B, C), meat and bones
opportunity to utilize the silky fowl as a biological model of(Fig.1 C). The orthodox Taihe BSF has ten apparent
hyperpigmentation that can be used to identify geneharacteristics: crest, beards, blue comb, green earlobes,
regulating potentially novel mechanisms of melanocty@nhite silky feathers, black bones, black muscles, black skin,
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Transmission electron microscopyA stan-
dard procedure in ultra-thin sections was used.
Briefly, after euthanized, the liver of the
chicken was sampled. Samples were fixed in
2.5% glutaraldehyde and then washed three
times in 0.1 M PBS. The sections were post-
fixed in 1% OsQ washed three times in 0.1
M PBS, dehydrated in a series of
concentration of ethanol, and then dehydrated
two times in acetone, embedded in Spurr’s
resin at 37C for 24 hr, and then at 80 48

hr. After ultrasectioning with LKB-V type of
ultra-thin slice machine (Bromma Company,
Sweden), the ultra-thin sections were
examined in a Hitachi H600 type transmission
electron microscope (Japan).

%ﬁ
B
.

*:
1

e e LS — ]
Fig. 1 physiognomy, skin and internal organs of Chinese Taihe BSF.
RESULTS
five toes and feathered shanks (Fig.1 A, B and C). Besides the skin, muscles
and bone, abundant melanin in the connective tissue of internal organs
(Fig.1 B, C, D). The Taihe BSF is generally accepted with nutritive validicrostructure features of liver in Taihe
and drug action (Tiaet al, 2007; Cheret al. 2008). They have a long BSF. The connective tissue was not well
history in Chinese culture and known as a marvel of traditional Chinedsgveloped and the hepatic lobules were not
medicine for various ailments (Chehal 2008). To this day, they have apparentn Taihe BSF by light microscopy
been widely used in medicine, pharmacology, cosmetics, immune booftég.2 A). The central veins were filled with
and a ward against emaciation and feebleness ¢Tialn 2007). Melanin  many red blood cells with nuclei (fig.2 A, C).
can protect against mitochondrial superoxide generation and mtDNAe arrangement type of BSF liver plate was
damage (Swalwelét al, 2012). A study indicated Taihe BSF containdilayer cell cord (Fig.2 B). The blood sinusoids
high levels of carnosine, which is a powerful antioxidant and is taken agith apparent endotheliocytes were well
dietary supplement to strengthen muscles and to alleviate the effectdesfeloped and contained red blood cells (Fig.2
aging, autism and diabetes (Tiahal, 2007; Huanget al, 2002). The B, C and D). The large and irregular Kuffer’s
amino acid requirements for growing Chinese Taihe BSF had beefl was found occasionally (Fig.2 B). The
investigated (Liet al, 2003). However, the studies on the Chinese Tailg®uble-nuclei and dividing hepatocytes were
BSF are rare. The ultrastructure of internal organs in the Chinese Tailse@ observed in Taihe BSF liver (Fig.2 C). The
BSF has not been illustrated up to now. The main goal of this work wagr@nsverse section bile canalicul were
characterize structurally the liver in Taihe BSF, in an attempt to bete@mposed of 2-6 hepatocytes (Fig.2 D).
understand the physiochemical property, morphological characterization,
and biological activity of the liver in Taihe BSF, looking for new insight¥ltrastructure features of liver in Taihe
on the role of the liver in digestion and absorption, ever iBSF. The hepatocyte of Taihe BSF generally
hyperpigmentation. Furthermore, knowledge about the avian liver histoldggd only one nucleus, which was round and
is therefore useful for comparison with the human liver. We expect tigdatively large, with a large nucleolus.
findings will provide more information in comparative histology. Mitochondria were the most organelles in the
hepatocytes and were densely packed in the
electron-dense cytoplasmic matrix (Fig. 3 A,
MATERIAL AND METHOD B, C and D). They were ovoid and had various
sizes with a double membrane. Mitochondrial
cristae were arranged mostly in the transverse
Taihe BSF. The post-hatching Taihe BSF were generously provided Birection. Lysosomes were usually randomly
the Taihe BSF Breeding Farm in Taihe county, Jiangxi province, Chislistributed throughout the cytoplasm (Fig.3
The Taihe BSF were fed for 4 weeks with conventional chicken feBq. It was unexpected that hardly any lipid
purchased from a commercial animal feed company. droplets in liver of Taihe BSF.
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Fig. 2 Microstructure of liver in Taihe BSF (H&E). Micrograph A (X100), others micrographs (X400).
The dashed line denoted untypical hepatic lobule in micrograph A. The asterisk denoted central vein in
micrograph A and C. The thin arrow denoted endothelial cells; the arrowhead denoted Kuffer’s cell; the

double arrows denoted double-nuclei hepatocytes; the thick arrow denoted dividing hepatocytes; the
dashed line in micrograph D denoted transverse section bile canalicul. LP: liver plate; Sl: Blood sinusoid.
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Fig. 3 The dark hepatocyte
(white dashed line), the light
hepatocyte (black dashed
line), and the apoptotic
hepatocytes (AHC) were in
the Taihe BSF liver. The
electron micrograph B and C
were magnified from A to
showed AHC, the dark and
light hepatocytes
respectively. The electron
IEEMIUE  micrograph D denoted the
organelles in the dark
hepatocytes. M:
mitochondrion; N: nucleus;
RER: rough endoplasmic
reticulum; LS: lipolysosome;
AHC: apoptotic hepatocyte;
LY: lysosome; GA: golgi
apparatus.
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There were two kinds of hepatocytes in BSF liveA). However, lipid droplets were not observed in any cells.
apparently (Fig.3 A, C). One was the dark hepatocyte. TRée natural apoptotic hepatocytes with many different
dark hepatocyte was electron-dense and lager with maglgctron-dense and shape apoptotic bodies were observed
organelles, including mitochondria, rough endoplasmio Taihe BSF liver (Fig.5 A, B, C and D). The dissociative
reticulum (RER) and Golgi apparatus. The mitochondriabosomes (RS) debris and constantly were observed around
were considerable and round with various sizes, especiatiypoptotic hepatocytes (Fig.5 A). Abundant uesicae-like
Mostly mitochondria were surrounded by RER (Fig.3 D)endoplasmic reticulum in hepatocytes that close apoptotic
The nucleus of dark hepatocyte was large and nucleoli wedrepatocytes with process trending to cell residual bodies
discrete. The round lysosomes were observed with electr¢rig.5 B). Besides, there was macrophage with several
dense in the dark hepatocyte (Fig.3 D). The other was theagosomes close to the apoptotic hepatocyte and spread
light hepatocyte (Fig.3 C). These were smaller than the daHe process to intake the apoptotic bodies (Fig.5 D).
hepatocyte, and possessed electron-lucent cytoplasm with a
small number of organelles, including a few relatively large
mitochondria and a few short cisternae of RER. The nucleD$SCUSSION
of light hepatocyte was small. The nucleolus was secund
and close to nuclear membrane. Furthermore, there were
electron-dense spheres and electron-lucent bodies in the lihe light and dark hepatocytes in Chinese Taihe BSF.
hepatocyte (Fig.3 C). The features of them were similar ithe liver is the largest digestive gland and can synthesis
lipolysosomes (LS). In addition, the apoptotic hepatocyteafifferent kinds of proteins and lipids. It is very important
were observed in Taihe BSF liver (Fig.3 A, B). for digestion, absorption and metabolism in animals. Liver

tissue is suitable for toxicological studies, especially (Roy

Transverse sections of hepatic cell plates of the Taile¢ al, 2012; Alfazariet al, 2013; Wanget al, 2013). The
BSF liver consisted of hepatocytes cords arranged radialight and dark cells are in many organs of others animals,
surrounding a central bile canaliculus (Fig.4 A, B). Thaowever there is no agreement among many views about
biliary poles of the hepatocytes which formed the bilgeneration of these cells. There is controversy that whether
canaliculus were narrow and had numerous long and serribé light and dark cell in liver. A study indicated that some
finger-like microvilli (Fig.4 B). Neighbouring hepatocytesteleosts and reptiles contain of dark and light cells
formed adjacent occluding junctions close to bile canaliculi{seatherland and Sonstegard, 1988). However, it is different
(Fig.4 B). The glycogen granules intensely stained spretm in number of light and dark cells and organelles in all
in some hepatocytes. The glycogen was consistenttinds of animals (Hoet al, 1999). Here, the light and dark
observed as scattered areas of electron-lucent materiahgpatocytes were observed in Taihe BSF liver and the
cytoplasm. Numerous glycogen granules scattered mumber and organelles of the dark hepatocytes were more
cytoplasm where near to bile canaliculi in particular (Fig. than the light hepatocytes. Moreover, mostly mitochondria

75KV X10000 1900.00nm 25295 75KV X20000 1000.00nm

Fig. 4 Bile canaliculi were in Taihe BSF liver. Numerous mitochondria and glycogen granules scatter in cytoplasm thatleear to b
canaliculi. The electron micrograph B was magnified from A to show the bile canaliculi and adjacent occluding juncticarsaihick
M: mitochondrion; G: glycogen granules; BC: bile canaliculi; MV: microvilli.
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Fig. 5 The feartures of the natural apoptotic hepatocytes and nearby cells in liver of Taihe BSF. An apoptotic hepatseyezakith
electron-dense (black arrowhead) and electron-lucent (white arrowhead) uesicaes and scattered dissociated ribosomesdghagthon m

A, C and D). The hepatocytes contained abundant uesicae-like endoplasmic reticulum to close apoptotic hepatocytes \{timprocess
arrow) trending to cell residual bodies (electron micrograph B). The macrophage with several phagosomes (thick arrow)eclose to
apoptotic hepatocyte and spread the process (thin arrow) to intake the apoptotic bodies (electron micrograph D). AH Oemaopiytie;

MC: Macrophage; RS: ribosome; N: nucleus; SER: smooth endoplasmic reticulum; ER: endoplasmic reticulum.

were surrounded by RER in the dark hepatocytes, whitipolysosomes were observed in the light cell of Taihe
indicated the dark cell was more active in functions. THBSF’s liver. In general, accumulation of lipolysosomes was
organelles of the light hepatocytes were less than the datkaracteristic of chick hepatocytes during the embryonic
hepatocytes, but the light hepatocytes had numerous differpetiod and shortly after hatching (Kareti al, 1997).
electron-dense vesicles. These vesicles were proballypolysosomes were mainly composed of esterified
lipolysosomes. It was suggested that the light hepatocytesolesterol and showed considerably high activity of
were also active which can store energy. Accordingly, tHgsosomal enzymes. When the supply of nutrients from
light and dark cells were different hepatocytes and hdbde yolk sac was terminated, lipolysosomes immediately
different roles in Taihe BSF liver. The dark cells were@lecreased in size and number. The cholesterol and fatty
predominant cells to produce the proteins and lipids. Tlaeids released were useful as an energy source and lipid
light cells were subcardinal cells and form lipolysosomes toetabolism in general, especially after hatching. Food
provide energy. intake induces the use of and accelerates the disappearance
of lipolysosomes. Instead of lipolysosomes, lipid droplets
Lipolysosomes.It was unexpected that hardly any lipidappear and increase in number and size with concomitant
droplets were present in liver of Taihe BSF, but thencreases of triglyceride concentrations in the liver
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homogenates, suggesting that lipogenesis had begun inltevis (Brown, 1978). Brown considered that hepatocytes
chick hepatocyte (Kanat al, 1997). Moreover, the contain abundant uesicae-like endoplasmic reticulum is ac-
lipolysosome fraction was clearly shown to be a functiotive. Furthermore, the hepatocytes with processes trend to
of intralysosomal lipolysis via acid lipase. Thisthe apoptotic hepatocyte residual bodies. It indicated that
accumulation of esterified cholesterol within lipolysosomethe uesicae-like endoplasmic reticulum hepatocytes could
might be attributed to an excessive uptake and conversipossess pinocytosis. Besides, there was macrophage with
of plasma lipoproteins to lipolysosomes (Kaeaial, several phagosomes close to the apoptotic hepatocyte and
1997). In the present study, the lipid droplets were absersygread the processes to uptake the apoptotic bodys.
in liver of Taihe BSF, but glycogen and lipolysosomes wei®@bviously, the macrophage can phagocytize the foreigner,
existent to supply energy. It is possible that glycogen amdfete cell and apoptotic body. Both cells can scavenge
lipolysosomes produce ATP are prompter than lipidpoptotic hepatocytes and promote the hepatocytes to renew
droplets. in Taihe BSF liver. It suggested that hepatocytes of Taihe

BSF possess regeneration and renewal ability, thereby to

Natural apoptosis and scavenge of hepatocyteskeep consummate roles.
in Taihe BSF. Some natural apoptotic hepatocytes with
typical apoptotic body were observed in liver of Taihe BSF,
which indicates that natural apoptosi of hepatocytes WeA KNOWLEDGMENTS
frequent. It is possible that cell apoptosis conduce to get
rid of effete, pathological, idle hepatocytes.
This work was supported by Natural Science
The hepatocytes that close to apoptotic hepatocytésundation of Jiangxi Province (20122BAB214021), Na-

contained abundant uesicae-like endaplasreticulum. tural Science Foundation of Department of Education of
The ER were similar to those of Brown’ report in Xenopusiangxi Province (GJJ13262).
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RESUMEN: Fueron analizadas las caracteristicas morfologicas ultraestructurales de higado en la gallina sedosa china de hueso
negro por microscopia éptica y microscopia electrénica de transmision. Los resultados mostraron que se encontrarorctepatocitos
y oscuros en el higado de la gallina china Taihe. El hepatocito oscuro era denso y de mayor tamafo. Tenia numerosos organelos,
especialmente mitocondrias. Los hepatocitos claros eran mas pequefios que los oscuros. El citoplasma presenté un pegeefio nimero
organelos. Ademas, habia lipolisosomas en los hepatocitos claros. Numerosas microvellosidades se extendian hacia ks canaliculo
biliares. En algunos hepatocitos se observé una tincion marcada en los granulos de glucégeno. Sin embargo, no se caselaron got
lipidos en los hepatocitos. Se observaron los hepatocitos apoptoticos naturales en el higado de la gallina Silky Tashegejaeitos
gue contenian abundante reticulo endoplasmico, cerraban los hepatocitos apoptéticos y extendian el proceso de aceer@msento a cu
residuales celulares. También hubo un macréfago con varios fagosomas. En conclusion, los hepatocitos claros y oscueseastaban p
tes en el higado de la gallina Taihe china. Estos diferian de electrones de alta densidad y organelos. Los hepatdtitasidéhka ga
presentaron una apoptosis natural y capacidad de regeneracion.

PALABRAS CLAVE: Gallina Silky China Taihe de Hueso Negro; Higado; Ultraestructural.
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