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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


https://system.khu.ac.ir/jsci/article-1-1634-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

57/57

Nova Biologica Reperta 1: 56-69 (2015)

956-691 ol s pole 5 n sl il

3 wlie by 5y o Dglize JulSG Lt 5 5L
NP A I SO BT CIP Ty JUN
a1 opebie i a3l 5 on SUT WL Ol )
Sl Olys gadme Sldlas LIS b
5 ool S 53 pl 55855 Son 5 (S 5UT
20l Slles o0 (YU et al., 2004) .
SBsl s 8 s sladSse 5 d S ool S
o T 5 s 1) Jobecr 5 Jobe 51
53 JSlal gl sl b d S ol 05 8
2 (S LTy s 5 A5 ed o dies Ly
35 S ST ol sael 5 Lyls e K Cp
pb & (gmntil e sk (slos i 5,8 ca )13 g3 0503
Jsbe alaply JL)l b oS 5505 5y 00> @Ol
PSSl Gl S 1y 35 Dl okl sl
Jiang et al., ) a0 25 a4 lals Lsd s odaals
4 355 ) edeTwsas slad s &5 Oliseen (2011
plaasile pld LS o oS~ Yok
33, sk ekiplnil Slllas by Lph o bk
i Sl s Ol sladde SIS )
S Cl opl poddie Az Sl se g (loyss
@ Glad s Sl S drls 5o 5 IS 538
b s sl oY ladsle Leia o dzes ooyl
ldshe 03,5Teal 3 55 4L S o el 1) 5
OF a3 435 0L 2 53 Sy ookl Sl (0t
(Yuetal., 2002; Talor et al., tzws s,5,00 50
S 03,8 Ladia sddplail Calie Sliiss .2000)
ol ks Sladshe o) 5,5 F and s i)
sy bl JSIB 55 opl 5 e
(Lin et al., 2013; Yue et al., 2005; s,is
Morris et al., 2004)

4odo

b o odedn (55) 5oL el b Otz e O
e sy e ol Sl 5 Dlplis A lis
B 8T e L Oy S s
Chuong et al., ) 553 ol 3 6T S S8
3N S e Sl ol s (2000
(01t 4 08 L35 51) 5o 5 (08 i 4 OB w5
52 SIS s ool S Sl Jime 5 gl
sizel 4 a8 Wyls wa b glecals e IS
Gl Sl g3 ol ol Ken JolSS 1 86 Olaises
Sl g a e 5 JsSI s (Yue et al., 2005)
Sloss ssb 4 Lilg e & L) Gy s ame S
Wsh (05 ) JUB gl sl ol ($5las o
338 s 5553 b 55 ool e (Paus, 1996)
Opes (50 IS8 5 1 IS ) sy oiless )
S 3 ool I (L) ooty e Ko
5 ol Uds gl i e, e (FL s
P Comax el o S Sledd L OIS
4 (ol Gbdsh) e 0o sdske
Martinez et al., ) 4,5 oo aator o 3550 0 7 555
ol b F3sse 6l L cul 5338 (2004
il s> Kol ol s Nlsos,0 5 03 pSled
On S Sl Gladlrss Slay ply Gl s 32
Laply ool 5 355 0 1B 2 (ol jo Sad s 5 o))
Jops gy piled £ b 5 S s S dnes
bl .(Davidson, 1993) wis e e |y a5
053 4 B0 L ES a8 S5 5 il
S5 dsb b 55 Sl (kg e Sgdoes i
03 Gla g glaslas ) Jgws 9 Lyl (,l.\: 3
Aod e b Sy s Ay Bl 0L

.(Mackenzie, 1994)


https://system.khu.ac.ir/jsci/article-1-1634-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

58/58

Nova Biologica Reperta 1: 56-69 (2015)

956-691 ol s pole 5 n sl il

4SS 5 AT b s bojy lad SIS b
(Gharzi & Jahoda, ws e3,5T 0 ,m s 3 &S5
sl s =, .2012; Gharzi et al., 2011)
b b Jsloen 4y mliadly Slalllas (g1 eii )
e Kos pp s Jae 4C Gl L 74 S
ks & G980 Sy Sn sl sleeslel
Lds iz 4°C gls b Sés S

oA S g5) OABAES I ey 3 a5
8péuﬁ°u@;&§p¢f¢ﬁtﬁ..\;.\;gc
Al ol YAy 5o KLl s oS adl o35
Gag ol )s Gy §l Sba S Sl b,
Lol lap ol SLBI Joe . LS a3l
Oppas g 5 b e 20 60 L s iy
IS b IS8 ol oslae gy 3 b
i S oS ooy Sy & 5 3wl By
ol IS et &GS Ly s S I aalslys
S s oS 09 Sy Sl T Ol sla
A28 el 5l SIS el
Glp 5 eddpols G SIS (e slad S8
b oA oSy Sn s B3l Sl
53l iz A oI YLy S Bk g 51 S
A SIS 10 5 s IS5 22 G ) 0> S
L o3l s gy 5 )

B Jedgd (& 3lwoskel
(eola il Sladllas (gl s e gad (5 5lweslaT ) st

T4 Jyoun 55 0xioess Sl 24 51y Lad el
b bl s &S Obesl OIS L (S b3
PS5 (sl el 53 295 5 270) eip VL il
o S g5 s (6, KT el (e lan 2100
5 LLs olid Celudw 5l Sy s S5
686 5 (cele 24 61 ) 0515 358 Ao o o

S SGS L el T sy 3 bl L

RS e j]mj\ o &Uﬁbju.? c‘;,.l\ﬂojyﬁ

(Yue et al., 2005; Yu 3,15 555 bd S oy
oS 5 sdaie SleMbl 4 - 5 Lt al., 2004)
adlas cpl 53 5o ST 5 5 IS Sl 55050
{"AJLSJ:CLMj:U'l‘Q:‘:J‘J';LSCM‘J‘J'W
5 Fe gl 5T e dwle
35 ) GO 5 Lblald iwlie 4 o Sy S
Sllan i s (b1 55 s IS8
L S '@A%M,@\Mﬁ; O W, 5l S LS
Cowl ol oalazul J.\.A g\_,...cm oﬁ..Gj‘jL.G ‘_;JJ‘}AJ:

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

2 skl sl dadles s (Chuong, 1998)
55 Gon GWISIS LSS (il s, oS

250 el ol e e

b 595 9 3Mg0
N 2990 SIS O35 T 9 bages g
T S gy

Piebald Virol Glaxo i3 ol e 55
RERE g0 AN @\i:,.uﬂ Lis s (PVG)
ag 3L 5« Columba livia Jsexs 535S s
SLlS” T b 5l 3y (O (3l ge ookl Ul
25w 53 BN Ol 53 a b il
T 03,5, b G 5 st 1) 235 ST (6 i
aliS Gl e s Sse  Ldd 4SS Caaby ol o
S oslinal by s ol 5 25 S5 (59, 0O
VL gy 35 S S b S
Pt 855 oy Sy bl T GG
66‘44}?44 A o.\;‘:;jg,i;m;w; g}"‘f"
g B N
Sy 88 L 5 s oy S5 S gl o


https://system.khu.ac.ir/jsci/article-1-1634-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

59/59

Nova Biologica Reperta 1: 56-69 (2015)

956-691 ol s pole 5 n sl il

4 Rl Jele e sty byt
s ge &l lacw sl S
Lo ol sladshe olll 3 b
s Sz Sl G 53 55 B Jol
- oo od lziee JSI L d e ol 5,8 b 15
7o 8T 3 g Ao Sl oy st 155 5 53
oas daulse bl ol (ID JS2) s
(IE K8) wipbls J6 Sobs L 58
- SSGlll (gal 5 sl laails ad s e g
s 5o (IF JS8) col pens (condly i gla
b aBlams 5 sl (oomDly 5T 0 5 oy e
5 LS e pbpe ol sl o Sl
I g Gl s s oK
ssbe Low a7 SLpsismy S Jps iyl
Lid ol Dy s (5 el 5 SIS
SR i s Yl BIL1 s (16 )
Slid S dwgas S ol oladge Jals eyl
Lghe Mo (s gops sl sbadshe 5 aly
- oor YLl by oyl bad sl (IH JS2)
ekl 53 Nsdig Jeate Lis ol 4 ps)sems
JSVS\J:AS:J\:J\J; ool sk Caysy ok
2 bdsbe ol (HJSE) ey @5 15
S Ens AV Ay 4 e i ol
S Aol 0 A e Rl e ) i
53l Ko ks 5 55 8k eyl slad e
N osless 5 GoAS e pkr Ay Dl i
sl B d ke ol s el 5T (lapsssn
RIS Gt P RN, PP NG SIRY)
355 s o> (o5 S 4 p g5 gemns SVl Lad sl
SV Ok 4 bdshe SOLaes (1) JS)
Wl Dy OS5 555 S 0
ol Gdshe & 5l sh o Rl
o & 55,8 o 51y Nghie 5555 ke

s 4 gl (OWTe Leitz 1512) o 5, S
T oS S s e bS58 51 05 S 7
WS ) oS Ly 5 D 8Uls oS len (o
s (55T, (0WIT
s S lp baisel Glueslel g
e 3 T Aol ool 51w (S
bl Gl (ele &G Se gl (Sd gl
S8 5 5 8 e LS o] slona L LT
KY) oy Sl sl abusay odiag uj5) sle
b bgiy L el G (Gl AG
RNV ST 1 P/ RESJORICH [P PRI
S Sn b algys s ki TSy e
5 odalis (le Philips 400T) o108 s I

.\J.\.’bw}j

W

W A 0 93 B J9Sdgd Sl 9 ST9d98 590
boOse 5 6T s pmy s sld S o),
ISI5 Dl 43 5 e blol (o SIS M
St sl 0T L wdy Ao e b 5o
ol whols L el pb o dSU 8
o) 65 e s (IA ) 5 o il
it sl 6 515 s el oS ol
OT & Yene & oyl idu Lawg (slodels Gl
JS) opbie bl st s S S
Coad 53 5 Sl aimi 56855 a3 Ol (1B
Wiy s (50 bk (555 0 S JBIs 4 ol
T b K e Ml lad sl b oo sl
ol T b sis ol o 7 01515 ke
Vi eyl WSl L diyls 5 das e Ol
58 S (53,8 Sd ke I Sl &b 3 5 o3
g oo s (10 ) spip U (S e

M4y Lsd e 555 5 Femm Wdhe ol YL


https://system.khu.ac.ir/jsci/article-1-1634-en.html

[ Downloaded from system.khu.ac.ir on 2024-04-28 ]

60/60

Nova Biologica Reperta 1: 56-69 (2015) 56-69 11 al> ) psle 0 (g sla azily

sladshe GYa¥ 5 s 53 e bl Pk S (5 o 2 T e 0S5 o5k
(L JKs) ws sdalin oot SO 3 as)smms S sl bdshe o sl

s S 2d S 5 (1K JS) 5580 o

@3l sl oYL Al ol 5y uiS e slowl 6,

as e O 1 0T olsl a3l Do 8 IS5 51 b 2 (A) sy o g3 e Lo s 50 IS St -1 Js
bl (o5 015) (03 e Loy 35 ikl 35 blol (T OSG) (omiied k) Sl s SIS (P) (o0 Ol
OIS T35 51 8 sk ol S50 (P) 055550 s sl o8 IS5 (ol Ui 1 5V iS55 (B) s
(M) ol K 6 o (o3 0ISG) M) Bl ol o 0 5 5 VL iS5 (C) cns o 03 15 (T 55)
rt 3 Mo o 3 ST (O15) st slatn L3l sladsha 003 Dl sl 31,55 Sns 831 (D) L o bl @Yot
1 5 (F 55 085) 6,48 s aboam 31 Jshor (SLaSGlLl 5 it A5Lam Cadlys b ad sk (E) 1355 0 o> (6305 I s sludd ST
bl sl o (8) LBl eyl 4 (D) (0o Ml et Jows 53 (H) 558 o0 0rs 6T ol sz 53 (G 13 0K sy (oDl 5T
sadsbe (1) azs Jaze wl slid @ (03 GLOY) (35 semstes SV Lo g adshe cnl3)1 35 (0,5 GO Lasia
s 5V (3 Mokt 5 il S5 5l @V e el Slad s (J) s S 875 (S oSSl Sl e sty
C 55 5100B ;5250 L1 A s sl L 35d r o> (copks) Sladsho o (LOISG) e slacils 5 (K 55 LOK) pssems 53U
. Jx8000 « Ix 6000 Hx 36000 . Gx28000 « Fx18000 (E x10000 « D X4600 (sl sl 5 Seos iU LS . s S 50

. Lx4600 , Kx60000

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 u (B),
50 p (C). Electromicrographs magnification = x4600 (D), x10000 (E), x18000 (F), x28000 (G), x36000,
(H), x6000 (1), 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 u (D), 25 p (E).
Electromicrographs magnification = x17000 (F), x6000 (G), x2800 (H), x13000 (1), 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 u (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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