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Abstract: In this study, thickness of the skin sub layers and the number, absolute and relative areas of the
nuclear Argyrophilic Nucleolar Organiser Regions (AgNORs) and the number of Proliferating Cell Nuclear
Antigen (PCNA) positive nuclei of the germinal matrix epithelial cells of the Angora and white New Zealand
rabbits were compared. Skin samples were taken from 40 adult healthy rabbits. General histological features of
the skin in both Angora and white New Zealand rabbits were quite similar and displayed the characteristics of
thin skin. Angora rabbit skin was sigmificantly (p<0.05) thicker than that of the white New Zealand rabbit and
the difference mainly originated from the thicker papillary layer of the dermis. The Angora rabbit had the
greatest hair follicle number in the unit area of the dermis. The shape, dimension and distribution pattern of the
AgNORs were similar in both rabbit strains. The number, absolute and relative areas of the AgNORs and PCNA
immunoreactivity of the Angora rabbits were higher than those of the White New Zealand rabbits. The
histological characteristics of the skin in the white New Zealand rabbit were suitable for leather industry,
whereas the Angora rabbit had good hair follicle characteristics for wool production. Further studies on a larger
population regarding seasonal differences should be done to elucidate the possible association between
AgNOR parameters and PCNA immunoreactivity of germinal matrix cells of hair follicles and wool production.
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INTRODUCTION

Domestic rabbits are all purpose animals. High quality
rabbit skins are used in fur garments and trimmings in
medical and cosmetic research. The white New Zealand
rabbit 1s the most popular meat producing and pet strain
in the world. The Angora rabbit was selectively bred over
hundreds of years, for its long wool, which is often
considered one of the noble fibres and also called Angora
fibre (Schlink and Liu, 2003; Allain, 2007). The unusual
length of Angora hair fibre arises from a prolonged
growth (anagen) phase of the hair follicle growth cycle.
Anagen of the Angora hair follicle lasts approximately
14 weeks, whereas that of other rabbit strains lasts only
5 weeks (Allain, 2007).

Hair follicles are classified as primary and secondary
follicles. The primary follicles have a large diameter and
rooted deep 1n the dermis and usually associated with
sebaceous and sweet glands. A hair fibre that emerges
from a primary follicle 1s called a primary hair fibre
(Monteiro-Riviere, 1998). The secondary follicles are
smaller in diameter; their roots are superficially located
and may have a sebaceous gland but lack a sweet gland
and arrector pili muscle. Their hair fibres are secondary

hair fibres (Monteiro-Riviere, 1998). Many differences
exist in the arrangement of the hair follicles among the
animal species (Atlee et al., 1997; Monteiro-Riviere, 1998;
Moore et al., 1998). They are either located individually,
as in simple follicles, or as in compound follicles, which
consists of clusters of several hair follicles located in the
dermis and usually contain one primary hair follicle
and several secondary follicles (Atlee et al, 1597,
Monteiro-Riviere, 1998; Broeck et al., 2001).

Growth of a hair fibre is a complex event displaying
cyclic changes and interactions between dermal papilla
and germinal matrix cells. Dermal papilla plays an
important role in the growth cycle of the fibre by sending
chemical signals to release the germinal matrix cells, which
proliferate and elongate the hair shaft and produce an
inner root sheath in response to these signals (Stenn and
Paus, 2001). A number of factors, such as season of the
year, nutrition, age, sex, health and hormonal status of the
animal affect growth cycle of the hair (Paus et al., 1990,
Lanszki et al., 2001). Hair growth 1s a highly regulated
cyclical process. Three distinct phases have been defined
for the mammalian cycle: anagen (growing phase),
catagen (regressing phase) and telogen (resting phase)
(Soma et al., 1998).
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Nucleolus Organizer Regions (NORs) are the specific
DNA regions containing genes encoding the synthesis of
rRNA. Transcriptionally active NORs, also known as
silver staimng nucleolus orgamizer regions or AgNORs,
are associated with specific nonhistone acidic and
argyrophilic proteins that can be visualized as small
brown dots by silver staining techniques (Ploton et al.,
1986; Derenzini and Ploton, 1991; Orrea ef al., 2001).
Variations in the number and normal distribution pattern
of AgNORs might mndicate qualitative and quantitative
changes in protein synthesis activity of the cell
(Watchler et al., 1986). An increase in the number of
AgNORs in interphase nuclei would indicate cellular
hyperactivity and might give a valuable indicate of the
proliferation rate, differentiation process and secretory
activity of a given cell. These changes may also be
associated with the processes involved in malighant
transformation (Crocker and Nar, 1987, Orrea et al., 2001,
Sur et al., 2003; Guler et al., 2003).

Proliferating Cell Nuclear Antigen (PCNA), an
essential regulator of the cell cycle is 36 kDa molecules,
which are highly conserved among species. It has been
shown that PCNA serves as a co-factor for DNA
polymerase delta in S-phase and 13 involved in DNA
damage repair during DNA synthesis. Tt starts to
accumulate in G1 phase of the cell cycle, reaches the
highest level during the S phase and decreases during
G2/M phase (Soma ef al., 1998; Inoue et al., 2006).

In this study, histological and morphometric features
of the skin and with special reference to AgNOR and
PCNA for proliferative activity in germinal matrix epithelial
cells were compared in the Angora and white New
Zealand rabbits, since the phenotype of the hair coat and
growth rate of hair fibres in these strains are quite
different.

MATERIALS AND METHODS

Animals and skin samples: Skin samples of 40 adult
healthy Angora and white New Zealand rabbits
(equal numbers from both sexes for each strain) were used
as materials. Because of the high seasonal vanation in hair
fibre growth of the rabbit, punch skin biopsies were
performed in the same month (November). The 3 mm
diameter skin samples were taken from the lumbal dorsum
of each animal after anaesthesia by local injection with 2%
lidocaine and use of disinfectant thereafter.

Histological procedures: The skin samples were fixed in
10% buffered formalin and divided into two pieces. The
samples were processed by means of routine histological
methods and immersed m paraffin blocks. One piece of the
each sample was settled into the block at surface-down

position, which enables taking cross sections of the hair
follicles, whereas the other one was settled horizontally,
in order to obtain vertical sections. Then, & um thick
sections were taken and stamed with Masson’s trichrome,
reticular and elastic fibre stains (Culling et al., 1985).

AgNORs staining: The AgNORs method was modified as
follows: Deparaffinize and hydrate in distilled water. Treat
with AgNORs solution for 30 min at 37°C incubator.
AgNORs solution: one volume of 1% gelatin
(Sigma, USA) in 1% formic acid (Merck, Germany)
solution and two volume of 50% silver nitrate solution
were mixed before using (Merck, Germany). Wash in warm
water using three cycle changes. Treat with 0.2% gold
chloride solution for 5 min. Wash in runmng water.
Dehydrate, clear and mount. No counterstain was used
(Korek e al., 1991; Pich ef al., 1994). The AgNORs were
visualized as mtranuclear black dots under the light
microscope and the number of AgNOR dots in 100
germinal matrix cells was counted.
Immunohistochemical procedure: For immunohisto-
chemical PCNA staining of the samples, paraffin sections
(5 mm thickness) on glass slides coated with poly-1-lysine
were deparaffinized in xylene, hydrated and then placed in
phosphate buffered saline (PBS; pH 7.6). Antigen retrieval
was performed by boilmg for 10 mm in citrate buffer
(0.01 M). Sections were treated with 3% hydrogen
peroxide for 20 min to quench endogenous peroxidase
activity, rinsed with delomzed water and washed with
PBS. Sections were incubated first with blocking serum
(ScyTek, UHP 125) to reduce non-specific staining
and then with a monoclonal antibody against PCNA
(Genetex, PC10, Cat. No: GTX71945) at in a moist chamber
for 60 min. This antibody was diluted 1:100 with antibody
diluent solution (ScyTelk, ABBI125). Detection of the
antibody was performed using a biotin-streptavidin
detection system (ScyTek, UHP 125) with 3,
3-Diaminobenzidine tetrahydrochloride (DAB) solution
as chromogen (ScyTek, ACKI125). Sections
counterstained with Mayer’s hematoxylin, dehydrated
and then coverslipped with permount. The number of
PCNA positive nuclei in 100 germinal matrix cells was
counted.

WEre

Histological evaluation of the specimens: All specimens
were examined under the light microscope (Nikon Eclipse
E-400 equipped with a digital camera head (DS-5M) and
camera control unit (DS-L1), Nikon, Tapan). The
histological evaluation and measurements were performed
on the digital images. The following parameters were
determined.
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Thickness of each skin layer, staining density and
otientation of the connective tissie fihres, nmamber of the
hair follicles in a vt tissue area (] mm®). Wlean secondary
follidefpritnary follicle ratio(3/F) of compoand follicles,
Mlean macleus area of the germinal matix cells mean
AAIOR area and AgMOE mamber per nacleus of the
germinal matrix cellg relative A OR area (percentage of
AI0R area in a given racleus atea) of germitial moatrix
cells was calouwlated by wsing total AgNOR area and
fiaclens area data The munber of PCH A positive macled in
gertitial matriv cells,

Statistical analysis: Statistical analysis were performed
with a statndard computer program (MMindtab for Windows,
Feleage, 9.2, 1993). The data were analyzed with bwo
sammple ttest and the differences between taro strains
were compared.

RESULT S AND DISCU S50

Angora atd white New Zealand rabbits displayed
uite dmilar stracharal characteristics of the thin skin The
epddettnis was a keratinized, strafied sqpam ous epithelinm
and composed of 3-4 cell layers in both strains,. There
were no significant differences in the content, oriertation
and stairing characteristics of collagern, elastic and
reicular fibres in the skins between both strains. The
elagtic fike e framework was more defindte and widespread
in the white New Zealand rabhbit skin (Fig la, ).
Hypodermis of the white Wew Zealand rabbit wasrichin
adipocytes.

The owerall thickness of slin was significantly
(=003 larger in the Angorarabbit than inthe white Hewr
Zealand rabbit. Thiz is manly dus to a thicker dermal
papillary layer in Angora rabbits, whichmeanwed3 times
the thickness of the papillary dermis in the white Hew
Zealand rabbits, Comversely, the retioslar dermis was
thirmer in the Angora than in the white New Zealand
rabbits. Mo statistical differences were found in either
the wigble epidermis (withoat keratinlayer) or the stratwm
cottieun. Mo difference was detected between male and
female individuals in ater strain (Table 10

The primary follicles were distinmidshed with their
large diatmeter and ther roots reaching the dermis,
wheteas secondary follicles were smaller and the toots
located superficially. Both rabbits had compound hair
follicles. Angora compoutd hait follicles consisted of one
primary follicle and muoltiple smaller secondary follicles
located arcund it. Dost of the compound haiy follicdes of
the white Mew Zealand rabbit constituted of a centrd
pritmary hair follicle and clasters of 2-4 compound follicles

Fig. 1: a): Sections of the skin of the Angora and b
White New Zealand rabhits. Elastic fibre
framm enar orkos (arr owrs) among the compoad follicles
are mote definite in the white New Zealand skin
seer. W ethoef” s elastic stain. Bar: 100 pm

axroding the certral pritmary follicle. Angora rabbits
had sigrificartly (720.05) more har follicles per wunit area
(1 mm®) than the white New Zedand rabbits This was
primarily diae toa larger tnanber of secorudary badr follicles
(Table 2, Fig. 2a and h).

The macleus area of germinal matrix cells in the
Angora did not dffer s gnificantly (p=005) from those of
the white New Zealand rabbits. AgMORs were seenas
1-d Hlack dots, which were distribitedin the maclei of the
germinal matrix cells of the hair follicles atthough, some of
them were located at close proximity to the tcear
etivelope  (Fig 3a W) There were no siguificant
differenices in the shape, dimension and distribuation of the
2T 0Hs betreen the Angora and white New Zealand
tabbits. AgHNOE  mamber  and  absclute and relative
AA0OR areas of the Angora rabbit were significantly
(p=0.05) higher than those of the white Mew Zealand
tabbits. There were o sl gnifi cant differences betweenthe
male and females in AgMOR parametsrs given aboee
([ Tahle 37.
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Fig 2: a): Cross sections of compound hair follicdes of the Angora and white New Zedand, b): Eabbits. Central Primer
(TP, Lateral Primer (L) and 3 econdary (3) follicles are definite in both section. Trichrom e stain Bar: 100 pm

Fig 3: a) Sections of har tulhs of the Angora and by White N ew Zealand rabbits, AgHORs (atrows) are seen as black
dots in the roacled of germinal matrix cells. AgNORs staining Bar 10 pm

In atagen hair follides, germinal matrix cells around
detmmal papilla were positively stained by arndi- POHA
antibody (Fig. &), indicating that these cells were in
the growing phase in the Angora and white New
Zealand rabbits. The percentages of PCHA positive
cells in the Angors rabbit were sguficantly (p<0.05)
higher than those of the white New Zedand rabbits
([ Table 3.

The listological chservations have revealed that
both the Angora and white Mew Zealand rabbit display
sitmilar histological characteristics of the thin skin Both
rabbit strains had a thin epddermis constitded of basal,

spitious atud keratinlayers. Similar findings were reported
for rabbit skin by Sokolov (1982) and Yagei efal. (20060
Morphometrical analysis have revealed that the Angora
rabbit skin was sighificartly thicker (2206 .3 pm) than that
of the white Hew Zedand strain (1 696.7 pm) andtotal skin
thickness was not & gnificat (=005 between the sex of
each strain (Table 1. Howewer, YVago o & (2008)
hawve reported that the mae white New Zealand rabhbit
(2087 .6 pm) had thicker sldn than the females (1235 4 pam.
In the present study, the epidermal thickness of both
straing was oquite similar (p=0.05). Similady, Vago of &
(20060 did not find ary significant difference in the
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Table 3: Fecubte of the histoenorphostetrical mme snmwsmerits of the hair follicles

Hai follicle romwbers i 2 it ares (1 non®) and medu lary ides (25500

Frimary follicle S cordary follicle Total folli 1e
Grops (= 1071 Crerders Crereral Cretud exs Crerieral Creruders Crereral
LG 4.141.5" 4. 1+05 08423 4 EERE Ny DA A£EE 1 a2 1227
L HGs 40415 67 .8£17 4 Tla«17
HIz LRI 6620 58 30344 ¢ 347610 46144 5° 4136 58
HEs G440 4" 30,043 9 In4a 10

OO Arzors rabbi; HE White Hear Zealandrabbit; a-3%: The differerce bebameen the wabies inoa cobprn with differert smpersoipt is statisticalbye signific ant

(=005

Table 3: Beoabte of fhe roclens 4= 0F snd PO paraneters of the zenminal srotriv celle

Fhac ks and AgHOR: ares (um®)

Fhac kus area (un®) AzHOE area

L= OF are adoiclas

AHOF ronnber PCHA positee cell
(2S00 [pan®) ESDN) area Tatin (%) (2ESD) per voac kus 2 SDY romrber %) (2GS
(H=10 Crenders Crenweral Crenders Cretieral Cretuders Cretieral Crenders Cretieral Crnders Crerieral
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A G Angora rabbi HE White Hewr Zealandrabbit; a-b; The differerce bebame e the vabies e cobmr with differerd aapersaipt is statitica b cigpific st

(p=005]

Fig 4: Immunohistochemical staining for PCHA in the
hair bulbs of the Angora rabbit. 1-3: PCHA
positive tcled in the germiinal matrix cells. Bar
100 pm

epidermioal thickness of both genders. Dermis was
significantly (p<0.05) thicker in the Angora rabbit than
that of the white M ew Zealand rabbit and the difference
has atizen mainly from the papillary layer, which iz the
thickest layer of the Angora skin (Table 1. Simdlarly,
Vagei ef al (20067 have alsotepotted alower walue for the
dertn al thickness of the white New Zealand rabhit.

The germinal matriy, which proliferates and produces
the hait and the inmer root sheath via the signal, has
close homologies of the strabum basal of the epidermis
(Stenn atnd Paus, 20010 Moore of @l (19980 sugzested
that a negative but high correlati on betrreen fibre diam eter
and follicle density was previously illustrated and
selection efforts on wool-producing activities of skin
would predominantly affect follicle density and fitwe

chatracteristics Rafat ef al (2007) reported that selection
for total fleece weight sigrificantly increased bristle
lerigth, the secondary to primary follicle ratio and com fort
factor. Aflee ef . (1997 reported that the fiber quality of
wool-producing speciesis often expressed in term s of the
secotdary-to prim ary-hair ratio (3T ratic). In this studsy,
the Angora rabhit had significantly (p<0.05) greater
secotdary and total follicle mambers in a wit area and the
females had s gnifi cantly higher nunber of the secondary
follicles (T able 2). The ratio of secondary to prim ary hair
follicles (3/F) was higher it the Angora rabbit (1917 than
the white Mew Zedand rabbit (310, G ef al. (2003 have
reported  that the race, age, sex and different body
tegions had significant effects on the msmber of hair
follicle and detmal papilla in the wistar albino rats
Howrever, ¥ agei of al. (2008) reported that there was not
aty difference derived from sex in bhoth primany and
secotidary follicle mumbers of the white Mew Zealand
rablbit.

The staining irtensity, shape and mumber of AgHNORs
in interphasze cells have been suggested to indicate the
cell activity atd proliferation levels (Russel ef ol 1991,
Rosana ef al, 2005). Rabhit ribosomal cistrons ate
located on the secondary constrictions of the 13, 16, 20
and 21 chromosome pairs, which frequently associate
to give rise nucleolus (Arrugs and Morteagudo, 1989,
The amount of AgWORs proteins is used as a marker of
proliferation, since it islow in G 1 phase and high in the 3-
G2 phase. Therefore, a higher AGT0OR s value indicates
that the major part of the cellsis in the 3-G2 phagze and
cottelatively few are in the Gl phase, suggesting a
rapid cell cycle (Field of af, 1924; Pession efal, 1991;
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Sirri et al., 2000). Significant difference was observed in
AgNOR number of germinal matrix epithelial cells between
the Angora and white New Zealand rabbits. The Angora
had the greater AgNORs number, absolute and relative
AgNOR area values than that of the white New Zealand
rabbit. An increase in AgNOR counts in the Angora
rabbits would therefore suggest that the cell cycle of
germinal matrix cells is mereased compared to the New
Zealand rabbits. AgNOR count has been assumed as a
reflection of transcriptional activity of ntherphase or
mitotic cells. Moreover, silver stammimng has been
suggested to reveal transcriptionally active NORs
(Orrea et al., 2001) and variations m the normal pattern of
AgNORs might indicate qualitative and quantitative
changes in protein synthesis (Watchler et al., 1986).
Crocker and Nar (1987), Cabrini et al (1992),
Grotto et al. (1993) and Orrea et al. (2001) have reported
that an increase in the mumber of AgNORs in interphase
nuclei indicates cellular hyperactivity.

PCNA 15 an auxiliary protein of DNA polymerase™
enzymes necessary for DNA synthesis and it 13 used as
a standard marker i proliferating cells (Wood and Shuvji,
1997). Expression of PCNA mncreases during the G1-phase,
peaks at the S-phase and declines during G2/M-phases of
the cell cycle. These immunostaining characteristics allow
the identification of cells in the different phases of the
cycle (Celis and Madsen, 1986; Wood and Shivji, 1997;
Muskhelishvili et al., 2003). In this study, in anagen hair
follicles, germinal matrix cells around dermal papilla were
positively stained by anti-PCNA antibody and PCNA
immunoreactivity were higher in the Angora rabbits.

Although, Allain (2007) suggested has that the
unusual length of the Angora hair has arisen from the
elongated growth period but from the higher growth rate,
the results showing higher number and absolute area of
AgNORs and PCNA labelling immunoreactivity might
evidence that the germinal matrix cells of hair follicles of
the Angora rabbit had higher rate of protein synthesis in
addition to mitotic index.

The present study confirms the presence of strain-
specific characteristics and breed-dependent variations in
the thickness of sub layers and hair follicle number
m a unit area of the rabbit skin The histological
characteristics of skin of the white New Zealand rabbit
were suitable for leather industry, whereas the Angora
rabbit had good hair follicle characteristics for wool
production. These findings give some histomorphological
evidence for making comparisons of the performance
traits between both strains. Because that the AgNOR
nmumber, absolute and relative AgNOR area and PCNA
immunoreactivity were higher in the Angora rabbit, which
is famous for both growth and quality of hair fibre, further

studies on a larger population regarding seasonal
differences should be done to elucidate the possible
association between AgNOR parameters and PCNA
immunoreactivity of germinal matrix cells of hair follicles
and wool production. Finally, the results suggested that
determination of number and distribution of hair follicles,
AgNOR parameters and PCNA mmmunoreactivity in the
germinal matrix cell might also be used as sigmificant
criteria for fur quality in selection.

REFERENCES

Allain, D., 2007. Fleece and Fibre Measurements in
Angora Goats and Angora Rabbits. http:/www.
macaulay.ac.ul/ewropeanfibre/effnnew] da.htm.

Arruga, M.V, and 1. V. Monteagudo, 1989. Evidence of
Mendelian inheritance of the nucleolar organizer
regions in the Spanish common rabbit. J. Heredity,
80: 85-86. PMID: 2921512,

Atlee, BA., A A, Stanmard, M.E. Fowler, T. Willemse,
P.J Ilwke and T. Olivry, 1997. The lustology of normal
llama skin, Vet. Dermatol., 8 165-176. DOL 10.1046/].
1365-3164.1997.d01-13.x.

Broeck, W.V., P. Mortier and P. Simoens, 2001.
Scanning electron microscopic study of different
hair types in various breeds of rabbits. Folia
Morphol., 60 (1): 33-40.

Cabrini, R., A. Schwint, A. Mendez, P. Femopase,
H. Lanfranchi and M. Ttoiz, 1992, Morphometric study
of nucleolar organizer regions in human oral normal
mucosa, papilloma and squamous cell carcinoma. J.
Oral Pathol. Med., 21: 257-259. DOL: 10.1111/.1600-
0714.1992.tb01010.

Celis, I.E. and P. Madsen, 1986. Increased nuclear
cycline/PCNA  antigen staimng of non S-phase
transformed human amnion cells engaged 1n
nuclectide excision DNA  repair. FEBS Lett,
209: 277-283. PMID: 2431928.

Crocker, I. and P. Nar, 1987. Nucleolar organizer regions in
Iymphomas. T. Pathol, 151: 111-118. PMID: 2437276,

Culling, CF.A., R.T. Allison and W.T. Barr, 1985.
Connective Tissue. In: Culling, CF.A. and Barr
W.T. (Eds.). Cellular Pathology Technique, 4th
Butterworths, London, pp: 164-179. ISBN: 04077-
29038, 9780407729032,

Derenzini, M. and D. Ploton, 1991. Interphase nucleolar
orgamzer regions in cancer cells. Imt. Rev. Exp.
Pathol., 32: 150-164. PMID: 1713900,

Field, D.H., P.H. Fitzgerald and F.Y. Sin, 1984. Nuucleolar
silver staining pattern related to cell cycle phase and
cell generation of PHA stimulated human
Iymphocytes. Cytobios, 41: 23-33. PMID: 6084580.

1699



J. Anim. Vet Adv., 8 (9): 1694-1701, 2009

Grotto, N.Z., K. Metze and I. Lorand-Metze, 1993,
Pattern of nucleolar orgamzer regions in human
leukemic cells. Anal. Cell. Pathol., 5 (4): 203-212.
PMID: 8363982,

. M, M. Esrefoglu and M. Seyhan, 2005.

Histomorphometric characteristics of the skin

wistar albmmo rats. J. Dermatel., 15 136-140.

http: //dermatoloji. turkiyeklinikleri.com/abstract 397

37 html.

Guler, N., 8. Uckan, I. Celik, Y. Oznurlu and D. Uckan,
2005. Expression of Fas and Fas-ligand and analysis
of argyrophilic nucleolar organizer regions in
squamous cell carcinoma: Relationships with tumor

Gul

stage and grade and apoptosis. Int. J. Oral Maxillofac.
Surg., 34: 900-906. PMID: 15907374,

Inoue, M., WU. Haiyan and UNZE. Satoshi, 2006.
Immunohistochemical detection of p27 and p21
proteins in camne hair follicle and epidermal
neoplasms. J. Vet. Med. Sci., 68 (8): 779-782.

Korek, G., H. Martin and K. Wenzelides, 1991. A modified
method for the detection of nucleolar organizer
regions (AgNORs). Acta Histochem., 90: 155-157.
PMID: 1718125,

Lanszki, J., R. Thébaul, D. Allain, 7. Szendro and C. Eiben,
2001. The effects of melatonin treatment on wool
production and hair follicle cycle n Angora rabbits.
Amm. Res., 50: 79-89.

Minitab, 1993, Mimtab for Windows Release, 9.2 State
College, PA USA.

Monteiro-Riviere, N.A ., 1998. Integument. In: Delmann
H.D. and J.A. Eurell, (Eds.). Textbook of Vetermary
Histology, Lippincot Williams and Wilkins, Baltimore,
Maryland, USA, pp: 303-332. ISBN: 978-0-7817-
4148-4.

Moore, G.P.M., N. Jackson, K. Isaacs and G. Brown, 1998.
Pattern and morphogenesis in skin. J. Theor. Biol.,
191: 87-94. DOL: 10.1006/thi.1997.0567.

Muskhelishvili, L., I R. Latendresse, R.L. Kodell and
EB. Henderson, 2003. Evaluation of Cell
Proliferation m Rat Tissues with BrdU, PCNA, Ki-67
(MIB-5) Immunohistochemistty and i sifu
Hybridization for Histone mRNA. J. Histochem.
Cytochem.,51(12):1681-1688. http://www jhc.org/cgl/
content/abstract/51/12/1 681 .

Orrea, 5.C., V.H. Tomasi, A.E. Schwmt and M.E. Ttoiz,
2001. Modified silver staining of nucleolar organizer
regions to improve the accuracy of image analysis.
Biotech. Histochem., 76 (2). 67-73. PMID: 11440307.

Paus, R., K.S. Stenn and R.E. Link, 1990. Telogen skin
contams an inhibitor of hair growth. Br. J. Dermatol.,
122: 777-784. DOL 10.11114.1365-2133.1990.th06266.

Pession, A. F. Farabegoli, D. Treré, F. Novello,
L. Montanaro, S. Sperti, F. Rambelli and M. Derenzini,
1991. The AgNOR proteins and transcription and
duplication of ribosomal genes in mammalian cell
nucleoli. Chromosoma, 100: 242-250. DOI: 10.1007/
BF00344158.

Pich, A., R. Clhiarle, L. Chiusa and M.D. Palestro, 1994.
Argyrophilic nucleolar organizer region counts
predict survival in thymoma. Cancer, 74: 1568-1574.
PMID: 7520349,

Ploten, D., M. Menager, P. Jeammesson, G. Himber,
F. Pigeon and J.J. Adnet, 1986. Improvement in the
staining and in the visualization of the argyrophilic
proteins of the nucleolar organizer region at the
optical level Histochem. I, 18: 5-14. DOI: 10.1007/
BF01676192.

Rafat, S.A., H. De Rochambeau, R.G. The bault, I. David,
S. Deretz, M. Bonnet, B. Pena-Arnaud and D. Allain,
2007. Divergent selection for total fleece weight in
Angora rabbits: Correlated responses m  wool
characteristics. Livestock Sciences. DO 10.1016/].
livsci.2007.02.012.

Rosana, F.R., A M. Durvanel, S. Mithitaka, N.S. Mirian,
TR, Jose'Antomo Sanches, N. Cyro Festa and
R.G.R. Ttamar, 2005. Nucleolar organizer region
staining pattern in  paraffin-embedded  tissue
cells from human skin cancers. J. Cutan Pathol.,
32:323-328. DOIL: 10.1111/.0303-6987.2005.00322.

Russel, DL., MR. Aliso and C. Sarraf, 1991. Variations
in the silver-staining nucleolar
orgamzer regions (AgNORs) m non-proliferating
and proliferating tissues. J. Pathol., 165: 43-51.
PMID: 1955934,

Schlink, A.C. and SM. Liu, 2003. Angora rabbits
(A potential new industry for Australia). Rural
Industries Res. Develop. Corporation, 3(14): 1-24.

Sirri, V., P. Roussel and D. Hernandez-Verdun, 2000. The
AgNOR  proteins: Qualitative and quantitative
changes during the cell cycle. Micron, 31: 121-126.
DOI: 10.1016/30968-4328(99)00068-2.

Sokolov, V.E., 1982 Mammal Skin. University of California
Press, Berkeley, Los Angeles, London, pp: 177-182.
ISBN: 0520031989,

Soma, T., M. Ogo, I. Suzulka, T. Takahashi and T. Hibino,
1998. Analysis of apoptotic cell death in human
hair follicles iz vivo and in vitro. I. Invest. Dermatol.,
111: 948-954. DOIL: 10.10464.1523-1747.1998.00408 x.

Sur, E, L Celie, Y. Ozmulu, MF. Aydin, I. Sen and
H. Ozparlak, 2003. Enzyme histochemistry and
AgNOR numbers in the peripheral blood leukocytes
of 6 month-old Kangal bred Anatolian shepherd
dogs. Rev. Med. Vet., 154 (10): 591-598.

occurrence  of

1700



J. Anim. Vet Adv., 8 (9): 1694-1701, 2009

Stenn, K.S. and R. Paus, 2001. Controls of hair Wood, RD. and MK.JK. Shivji, 1997. Which,

fOHiCle Cychng PhYSIOl Rev., 81 (1) 450—481 DNA polyrneras are used for DNA_repair 11'1
PMID: 11152763 . eukariotes? Carcinogenesis, 18: 605-610. PMID: 91-
Watchler, F, AHN. Hopman, J. Wiegant and 11189

G. Sch her, 1986. On th iti f Nucleol ) )
CUWATZACACL, 11 F1e postiion of UEIeolls Yagei, A, B. Zik, C Uguz and K. Altunbas,

Organizer Regions (NORs) in the mterphase nucler: ] i
Studies with a new, nonautoradiographic in sifu 2006. Histology and mo.Iphometr.y of white
hybridizationmethod. Exp. Cell Res., 167 (1): 227-240. New Zealand rabbit skn. Indian Vet I,

DOT: 10.1016/0014-4827(86)90219-3. 83 (8): 876-880.

1701



