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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.
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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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