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Structural and ultrastructural comparison of hair and feather follicles
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Abstract. Formations of feather and hair follicles during embryonic stage are nearly similar. The aim of the
present research is to study the similarities and differences between these two follicles in adult pigeons and
rats. To fulfill this task, feather and hair follicles were dissected and processed for light and electron
microscopy. The results demonstrated that these two follicles were similar in having dermal papilla and
epidermal matrix. Moreover, the production of feather fibers and hair in them, respectively, is almost
similar. However, unlike the hair follicle, the feather follicle has a distinct compartment, called the pulp at
the top of the papilla. At the center of this pulp and dermal papilla a blood vessel exists, a character never
observed in the hair follicle. Another difference between the two related to the thickness of the basement
membrane exists at the interface between the papilla and epidermal matrix which in feather follicle is much
thicker than its hair equivalent. In addition, at the base of feather follicle there is a distinct population of
stem-like cells which could not be distinguished in the hair follicle. Based on the results obtained in this
study, it seems that the feathers in birds and the hairs in mammals have been adapted for different
biological tasks.

Keywords. dermal papilla, epidermal matrix, epidermal stem cell, pulp



57/6Y

Nova Biologica Reperta 1: 56-69 (2015)

BFFA N alx (s psle 10 ongi sl axily

03 wlie by gy e Dsline IS L 5 sl
s sl 53 ol 48 ol ols Esl i 550
41 sprlie B (olin 3l 5 o ST W Ol 55
Sile Olys godaze Ollas LIS il
5 ol US55 opl (583 Sn 5 (S 5UT
0kl Sldllas ol (YU et al, 2004) .l
DB 53 8 s d S 5 IS ol S
B T 55 a5t 1y Jkeon 5 Jobe =1
53 Sl gl bbb STl 058
2 (Soun 56T 505 3 U5 e & At Ty
33 S LI SIs cpl sael s diyls o K Sy
ob 4 cantil e sk slos i 5,8 o J15 p)3 03y
sk aloely Jlosl b oS 5505 5y (050 Dl
Sl Gl S 1y 3 Ol e sl sl
Jiang et al., ) &S o 2S5 4 Hlsls Lsh s odasl
b 2SS et Towsn glad s S Oloran (2011
shaasbe b uS oS~V ok
S50 05lys eddel] Slalllas by Wgd o fods
s Sl s Ol sl ad SIS
S Sl ol g edde dzen Sl e 5 Gloyso
@bt lad s 51 Spe derls 5o 5 2 U555 530
Loy sl oY lad she e o dnen ooy
Sed e 03)5Tealp 55 &Sl S ool 1y g
OT e 5 oy Ol 03 Sy podal Slp (s
(Yuet al., 2002; Talor et al., Azwa g,5,4 5
&S o5 S adia oddplosl Calides Olidos 2000)
ol 63k e ol (68515 Comdse i
sy bl SIS 55 ol 5o b
(Lin et al., 2013; Yue et al, 2005; s,is
Morris et al., 2004)

400

Sshenodidin () so b el L Obylae ge O
o gy et ol Sl Olglis s l2e
#oo 6T e L ol Sl s
Chuong et al., ) s5 ol 3 T JolSs S8
3D S e S Sl ol eide (2000
(O bk 4 OB L5 31 50 5 (DL, & 08 W3
3 2 S s ool KaS Sl e 5 sl
sizel 4 oS Lyls wa b placals g IS
Gl Slle 53 ol gl Ko JolSS 1 56 Ol
Sods 93 a5 JsSI (Yue et al., 2005)
Sloysd ssb 4 Al o & Lyl g5 e S
Lsd (5o 5 ) I ol bbb ol (g5l g o
958 s 5595 b )5 ol pesdle (Paus, 1996)
Ograr (50 IS 5 1 JSI$) (s (Sl o)
S 346 ool I () oyl e Ko
5 olb; Uds gl iS e, bz (Bl
2 Comer 5 (i eyl o S ledd L0
o (il Gladshe) i s sbadshe
Martinez et al., ) £ ;8 oo aeiar o 54 gy o ¢ 55
ol b Fsosn sl LIS ) 6534 (2004
ailess (Saly oal J W03 ,5 5 0¥ ples
On S Sl Glailrss Gy ply e s
Ll (2l 9 3580 D32 (sartilfo Sad sk 5 05y
Joss g (e b 5 S g s & dies
okl (Davidson, 1993) WS o e |y LS55
D153 4 byo o S 0a ol o s ey il
S5 sb el g 53 Sl b g 25dme i
03 Glat gz glaslasy Jge 9 Lyls (’"“U 35
Aies g0 b Gy g Ay S s, 0L

.(Mackenzie, 1994)



58/0A

Nova Biologica Reperta 1: 56-69 (2015)

BFFA N alx (s psle 10 ongi sl axily

0SS 5 AT b s Lo G S B b
(Gharzi & Jahoda, 45 05,57 05 S g 51 &S
bl S & 2012; Gharzi et al,, 2011)
b Jsloes 4 pwlail Olalles ol ki -
s 4 Kos (s Jame FC les L AP (S
oo & G580 S Sen sl g5leoslel
L Jaze FC gles b (S 5,8

oA S gy OAbatS I ey i a5 sS
AL Gl ks s LS L o ol 3 s 6
ALl ol YaY 53 Ll ws oS dl 55
Lag odal s Cgs ) ;)'Um. "y S sy
L Olsm by ol b e o ks abete
R I S AT P TP
IS b IS8 ol sls sy 53 ba s
b o Sae 6 S L eddody p o gy B 5 slml (S
ol JsSU 8 et ST L g ol S 3 aalsl)s
Sl 0t 0 Ty S (o Ol gla
A E el Wl JSUS wr l
Sy 5 eddpol IS S e clad S8
4 SN OSs S 5 BBl Sla gy
)z.xmﬁaMa)u\ngzggjb}:j\é
A dSIB N0 5 e SIS Y Gl 5> S
A oslizal b oy 5 51

B J9<dgd (5 lwosk
(el al Sldllas (6l ad gad (5 5lwesleT ) shtaas

T8 Jgloue 53 OXECas Colo YF 1w Ladsad
L It s &K Obesl 0L L (S ol b
(,ufﬁélﬁuupha,Zv~)avujﬂb.¢~ma
o B S 5 s (6 KT Tl (olwaw AN e
5 BLs olas Celuaw gl S s 25,150
S B 5 (Sl YF (gl ) 0313 355 Al o o
6 SUS L el T sse 3 L L

G2 03 SR B 5 gl Sl () pesdle

(Yue et al.,, 2005; Yu 3,0 355 ad S oyl
oS, 5 saze SleSl & 5 b et al., 2004)
wllas opl )3 g0 S 5 5 IS8 skl 55050
2 LS 53 eIl 93 cpd Ol B L &S el ol (o
5 Jie sl 1T e dwle
33 ) GOl 5 Lals dwlis 4 o Sy S
Oldllas i O 5 3 b5l s asls ; J S
b (Sl § e Bkes 5 53l 08 4 51 S M8
ol o oslinul Jdo Ol giods 0,8 9 38 (63,050 5o

(Xu et al.,, 2011; Wu et al., 2008; Yue et
al., 2005; Chuong et al., 2000; Prum, 1999;

s S sl illas s Chuong, 1998)
s Sy B SIS L eSSl sk, oSS

Sgh o dwlie gl o fse

b 5959 3Mg0
N 2950 SBUss 005 ol g bdise &g
T cwy

Piebald Virol Glaxo 5 ol e 550 i
L o IS 2&l3T Lyl s 3 8 PVG)
ag L1\ 3l &8 Columba livia ) sens J:},SG:.U
LT e ples s ik sl ISl sl
S8 T U ,lidy 55l SN oy 3l g0 053 Sl
558 53 BELFL Dl s2m S Sule,
6T 03,5 la) b o 5 st 1Ml 35,057 (55
aiS Gl e s ige Lds alS Caasy ol o
3 ealiul b 5 L okill s @,:;&:;@,‘o.\,:
VW gy 555 S S b o o
st 5,8 oy gy i sl LGT g
S Gl f s ok 8y i v s B85
e Y e Y o
Sy 68 L 5 s o S oS (glosd o



59/64

Nova Biologica Reperta 1: 56-69 (2015)

OF-FA ) Al ¢ ) pole 0 (g sle adl

v pld ol 8 e sy s dess
A 9o Bl (B 151 S
Lo ol sladshe golslal b3
o bzl oSl 65 s 5L 5 B fuol
me o> il SN L gl () 4,8 e 13
C)uL@;T;lu%ij;gw,\sb;j,u};
Gats doulys bdshe 1 (0D JK2) Lsi
OE K9 wigllks b6 JSaas L 55
Sl (g ol 5l Slaails ad sk oy Ny s
J51s 53 (OF JS8) Conl Jsame oDy 20 sla
b 4Bl 5 Ol oy plT 80 S5 oDl
5 LS e o ok Sl Slpsises
BJ R F S P P IS TR RO
sk Loyw 13T Sbpsisy S Js WLl
Liea oS, s s pled o o eSS
PSSl i s b Sl bl s (VG S
Glad ¢ g 8 ol ol Jols oyl
Db Mo (s (0ps SOl ladshe S aly
—sop Vel b g eyl adshe (VH JS2)
L P AR R T
ST @ ST oS35l H1E sl Jshe sy ik
2 bdibe ol OIS sy @8 15 e
S Srs SV (5 4 Sl S et
S Sl 03 S e Sl ke
s Sop e 558 Al eyl gladle
S Sless 5 NS g ke by el
Rl 55 adske ool (S5 Sl ST (slapssgm s
ol o 03 8 A 8 5L el st (claeSal ]
3pdn o3 (oS AR 4 p g5 pems DY LS b sl
CS VL Ob 4 bdgle Solomen (V] JS2)
BT Dy IS 5 G505 LS
ol sl S Sl ciph oo W Ll
S (55,8 Sl Lphe 5 e

4 bty OWT o Leitz 1512) o558
bty s e ISP 5l 05 S V Sl
lis 5 &Rl e slen coudT T 51 oS 5
Al (65T (LT S 0) e 8
SRy S sl baisal (iluesle] gy
oo 5 T sl Cos 51 (63
P S WG CIE M VGNP JFE O 351 g
B 5 55 8 o S5 sl I glons b LT
KY) pyis Sl Al dowss odbag 5, le
bocwja iy L ol iy (L5l AG
INERE P 16 P/ ENSMICH [P o B R W
s Sen b Culgns el sl
5 etalin (dils Philips 400T) o,li8 s

.\J-\.&w)j

W

by A 0 50 Iy JgKded HUSLe 9 (55909890
boose 5l 6T s ymy oo sld S 6Ly
IS b ys s Fn ablol e SIS M
St slesl 0T L iy e b 5
gl ol b ol alb oS IS
ol 65 o a5 A JS8) 5108 o sl
i sl 8 B 5 s 3l S Ol
O & Ygons & pojdyl Sidu Laws (slodels Gl
S50 255 bl 35 e i eyl PSSl
b 33 5 ol ainiia 565 55 a3 L OB
Ly s Sam &by 555 0 o JEIs 4 ol
T Kl S5 el slad gl Ll e sluteal
el 2T b st Sl f s e o5 01515 I
¥l oyl WSSl Ll S8 das e Ol
5558 53,5 Sadhe I Gl &b 5 5 o3y
Coae 5> s 00 S8 spb e 1S5 (S e

Ay Nsde F5s 5 Fee dle ol YL



60/5 -«

Nova Biologica Reperta 1: 56-69 (2015) B5-59 1) Az o i) psle 45 Cusi slo asily

sladshe VoY 5 @Bl 3 o Glasls D & S (15 ) 52 T a3 0S5 o sb
OL JS8) wisdaline oyt SO 3 esisems S Jlasl b o b

S S Sbd S 5 K JK8) 558 0 0is

63 s YL Al ol 5y AiS e sl 0L

a3 gr 0L 1 OT (el S5l slle & IS5 51 ok G (A) s B e 55 e b s 50 IS8 sl - IS
bl (o5 O (03 SN b 35 oyl 355 o0 bl (2T OIS) (bl skl Sl Ja g DB SH(D) (55 Dl
O T3 S8 51 (5 oo ol oS35l 5 ) S50 (o5 SOl 7 IS8 alesl i 51 VL (iS5 B) api e
(M) o5yl oS5k 6 L 5l (o3 0) Il Bl im0 5 5 5VL L85 (O it oo 0L 1, (T 55)
3 M o 3OS (015) it slaas LY sladshe o3 5Dty slad s 31,55 Seny S0 (D) i st bl Yot
o 5 F 3 05) 548 50 alan 51 I shor (claeSalbl 5 diteun dile a5 o gl (B) 555 o 0> (03b5 (Jshon o (slzs 0T
Ll sl & @) S ol 4 (D) o0 Ol JUail oo 53 (HD) 555 n 0> T @by st 53 (G55 OIS oy oy st T
Sadshe D) s Joate 0l glid & Gof GO (a5 sem3tes VL] Jo 5 Lo gl 13503 55 (o5 SLOIS,) asete
sl YL (553 oS 5 il oS 5l (VU it ekl Sladshe () s &S 87 5 (05T 0 oSl Sl i ooty
CossVr Bosadr puA s als bt spd o o> ooyl Slad sl o (BOIG) oM slaails 5 (K55 LOIG) p55ews 53U 5
xgeeve chehven (e g Hxorgeoos GxAce s ExdAcee Bxdeven Dxsee Glalsl 85 Soay S0 olidf )5 mes Son b0

.Lxfser ,K

Fig. 1. Structure of rat’s vibrissa follicle during growing stage. (A) A longitudinal section through the
follicle which shows its bulbous shape. Dermal papilla (p) is surrounded by a thick epidermal matrix
(blue arrow) covered by a dermal sheath. (B) Higher magnification of the follicle’s end which shows a
large dermal papilla (p) with a matrix rich in Glycosaminoglycans (blue color). (D) Higher magnification
of previous picture. Except of connecting stalk, the papilla (red arrow) is surrounded by a multilayered
epidermal matrix (m). Electro micrograph of papilla’s cells with distinct nucleus (n) separated by a large
extracellular space. (E) The cells of papilla are fibroblast-liked in shape and cellular organelles including
mitochondria (arrow in F) and rich endoplasmic reticulum (arrow in G) are seen within their cytoplasm.
(H) At the point where the dermal papilla (p) connects to surrounding epidermis (e) a distinct basement
(black arrows) is present. The epidermal cells are connected to the membrane by hemidesmosome
junctions (red arrows). (I) The epidermal cells of the basal region the matrix are small and dense. (J) The
cells in upper regions of the matrix are thin and long. At the upper part of the follicle many desmosomes
(arrows in K) and melanin granules (arrows in L) are observed between cells. Bars=250 p (A), 100 p (B),
50 p (C). Electromicrographs magnification = x4600 (D), x10000 (E), x18000 (F), x28000 (G), x36000,
(H), x6000 (I), x8000 (J), x60000 (K), x4600 (L).
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Fig. 2. Structure of pigeon’s feather follicle during growing stage. (A) External morphology of the feather
follicle. (B) A longitudinal section through a follicle. The dermal component is divided into two regions,
the lower dermal papilla (d) and the upper pulp (p). Epidermal matrix (m). (C) Higher magnification of
the upper follicle shows the pulp (p) and surrounding epidermal tissue (e). At the interface between the
pulp and epidermal tissue numerous black pigments (arrows) are seen within the forming barbs. (D)
Higher magnification of the lower follicle which reveals a large central vessel (arrow) within the length of
the papilla (d) and pulp (p). The epidermal collar (c) is also observed. (E). A semi-thin section through the
papilla (d) with circular cells surrounding the central vessel (arrow). Electro micrograph of papilla cells
embedded in a extracellular matrix rich in fibers. (G) A cross section through the central blood vessel
showing three distinct layer of intima (black arrowhead), media (m) and adventitia (white arrow). (H) The
dermal cells (der) are separated from epidermal cells (epi) by a thick basement membrane (arrow). (I) The
epidermal cells have round nuclei and some dendritic cells (m) were also observed within them. (J) The
dendritic cells display multiple cytoplasmic projections. Bars= 1 mm (A), 50 p (B, C), 30 n (D), 25 p (E).
Electromicrographs magnification = x17000 (F), x6000 (G), x2800 (H), x13000 (I), x36000 (J).
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Fig. 3. Structure of a vibrissa follicle during the resting stage (telogen). (A) External morphology of a
telogen follicle with a narrow end. (B) Histological structure of a telogen follicle showing its knob-liked
end. The produced fiber which is now called the club moved towards the skin surface. (C) Higher
magnification of the bulb region showing dense papilla cells (p) and a thin layer of surrounding epidermal
cells (arrow). (D) Electro micrograph of the compact papilla revealing lysosomes (arrow) inside cell’s
cytoplasm. (E) An electro micrograph from the interface (arrow) between the epidermal matrix and
dermal sheath. (F) This picture shows the epidermal cells located at the basal end of the bulb. Bars = 200
1 (A, B), 60 p (C). Electromicrographs magnification: x3600 (D), x4000 (E), x6000 (F).
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Fig. 4. Structure of feather follicle during the resting stage. (A) A longitudinal section through the
follicle. Compared to the growing stage, the dermal papilla (arrow) is small and confined only to the base
of the follicle. The epidermal feather shaft (fs) is mainly keratinized and acellular. (B) Higher
magnification of the lower region of the same specimen. The feather shaft (fs) is surrounded by a thin
layer of epidermal cells at both sides (white arrows). (C) Electro micrograph of compact papilla cells
observed within a thin matrix (arrow). (D) An electro micrograph from the epidermal component with
keratinized dead cells (e) which lack any cellular organelles. Staining in A and B with a combination
haematoxylin, eosin and ponceau S. Bars= 200 p (A), 50 p (F). Electromicrographs magnification: X2000
(C) and x4600(D).
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