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Antler velvet is thicker in adult than in yearling
pampas deer (Ozotoceros bezoarticus):
a histological study
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Background: Antlers are lined by soft velvet tissue during antler growth. Later,
the velvet is shed before rut onset. There are no detailed histological descriptions
of the growing velvet, nor whether the velvet changes according to stag age.
Our aims were to: 1) describe the basic histology of pampas deer antler velvet
from adult and yearling males; and 2) determine the influence of age and time
of antler growth on velvet’s tissues morphometry.

Materials and methods: Samples were collected from 10 stags allocated in two
groups, either adult (3-5 years old, n = 5) or yearling males (2 years old, n = 5).
The day of antler cast was recorded for each animal. In spring, the stags were
anaesthetised and velvet samples were collected from the third tine's distal end.
Samples were described qualitatively and a restricted morphometrical analysis of
the antler velvet was performed.

Results: The number of keratinocyte layers and the thicknesses of: total epidermis,
corneum, intermediate and basale epidermal strata, total dermis, superficial and
deep dermis were determined. Age and days after antler casting positively influen-
ced in conjunction epidermal thickness (p = 0.037), and tended to influence both
stratum intermedium (p = 0.076) and stratum corneum (p = 0.1) thicknesses.
Age influenced stratum corneum thickness (p = 0.04). The pampas deer antler
velvet lacked both sweat glands and arrector pili muscles.

Conclusions: The deep dermis was densely irrigated but displayed abundant
and well developed collagen bundles. Both total epidermal and stratum corneum
thicknesses related positively to the age of the animals but were not to the time
since antler cast. (Folia Morphol 2017; 76, 2: 269-276)
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INTRODUCTION annual changes in testosterone concentrations [3].

Most deer species display a seasonal reproductive During the non-breeding season, testosterone con-
pattern, with parturitions occurring mainly in spring [6]. centration decreases to basal values lowest and ant-
Deer males’ antler cycle is closely related to the lers are cast. After this, new antlers grow enveloped
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by soft velvet-like skin (antler velvet [AV]) until antler’s
growth and calcification ends [14]. Antler nerves
grow through the velvet in close association to blood
vessels in an environment rich in growth promoting
molecules [20]. The AV is shed in coincidence with
agreatincreasein testosterone concentration occurring
before the rut onset [19, 21].

The AV has elicited scientific interest as a prom-
ise for several health treatments [11, 13, 18, 32].
For example, AV is a potential therapeutic agent
for managing osteoporosis in rats [24, 25], or is
capable of inducing and guiding neurite outgrowth
of rat sensory neurons in vitro [20]. Total velvet-
antler polypeptide extracts have been shown to
promote proliferation of human peripheral blood
lymphocyte cells [33]. Moreover, AV is a main prod-
uct of deer farms which is used as a general health
benefit: for example in Australia it is considered
a food supplement, and in Asia it is a fundamental
component of Traditional Chinese Medicine [5, 30].
Li and Suttie [15] described the histology of the
pedicle skin formation and its transformation to
AV. Surprisingly, although there are several studies
regarding velvet constituents [1, 16, 23, 24, 34],
we could not find any detailed histological charac-
terisation of the AV.

The pampas deer (Ozotoceros bezoarticus, Lin-
naeus, 1758) is an endangered species, originally
distributed in the open grasslands (pampas) across
eastern South America [12]. Nowadays, few small
populations remain in Argentina, Brazil and Uruguay
[26]. Pampas deer semicaptive breeding started in
1981 at the Estacion de Cria de Fauna Autéctona
Cerro Pan de Azucar (ECFA, Uruguay) [26]. In the
pampas deer allocated at the ECFA, antler cast occurs
in mid-winter [27]. Furthermore, antlers casts were
observed earlier in adult than in juvenile males dis-
playing their first antlers [27] while the antler weight/
body weight rate is higher in adult than in juvenile
males, indicating that adults invest more resources
in antler growth [29].

Testosterone concentrations, and antlers’ size and
weight increase annually until males are at least
5 years old [29]. As antler size is directly linked to both
age and body size in red deer [7, 17] and both antler
and velvet developments are closely related, it may
be expected that velvet morphological characteristics
also vary with males’ age. Similarly, histological skin
thickness is related to age, as atrophy of the dermis
and the epidermal depth increases with age in several
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mammals [2], but skin thickness and collagen fibre
density increases with age in both sexes up to adult
life, and decreases thereafter [31].

Therefore, our aims were to: 1) describe the basic
histology of pampas deer AV from adult and yearling
males; 2) determine the influence of age and time of
antler growth on morphometrical characteristics of
AV from pampas deer males.

MATERIALS AND METHODS

All the procedures were approved by the Comision
Honoraria de Experimentacién Animal of the Facultad
de Veterinaria, Universidad de la Republica, Uruguay.

Animals and location

The study was performed at the ECFA, where
animals had been allocated either in breeding groups
(1 stag and 5-10 hinds) or in stags-only groups on
paddocks of 0.5-1 ha for many years. For this study,
we used 10 stags allocated in two groups, one of
adult (3-5 years, n = 5) and one of juveniles (2 years,
n = 5). Each group was allocated on one paddock
since at least 6 months before the study started.
Animals grazed over native pastures, browsed trees
and shrubs, received daily approximately 500-600 g
of dairy cows ration/deer and had free access to water.

Sampling procedures, qualitative
and quantitative histological analysis

The day of antler cast was recorded for each ani-
mal from July to early September (winter-early spring).
Velvet samples were collected in early October. Adult
and yearling stags casted their antlers 67.0 = 7.5
(mean = SEM) (range: 62-81 days) and 50.0 + 4.0
days (range: 31-75 days) before sampling, respec-
tively. The day of antler cast of one adult stag was
not recorded, so its data was not considered for the
guantitative analysis. The animals were anesthetised
according to Fumagalli et al. [10], with anaesthetic
darts containing xylazine 10% (Sedomin; Laborato-
rio Kénig, Buenos Aires, Argentina), 1.6 mgkg of
ketamine 5% (Vetanarcol; Laboratorio Koénig) and
0.013 mgkg of and atropine darts containing xyla-
zine 10% (Sedomin; Laboratorio Kénig, Buenos Aires,
Argentina), 1.6 mgkg of ketamine 5% (Vetanarcol;
Laboratorio Kénig) and 0.013 mgkg of and atropine
1%o0 (Sulfato de Atropina; Laboratorio ION, Mon-
tevideo, Uruguay) fired from a blowpipe (Telinject,
California, USA). Anesthetised deer were transported
to the veterinary facilities, and placed in right lateral
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recumbency on a padded table. An intravenous cath-
eter was placed into the cephalic vein, and sodium
chloride 0.9% was continuously administered. This
via was also used when anaesthetic reinforcement
was required.

Velvet samples were collected from the third tine’s
(the most distal one, see [28]) distal end, immediately
proximal (beginning at approximately 1.5 cm) to the
soft, cartilaginous tip. A velvet strip, approximately
1.5 cm long and 0.7-1.0 cm wide, was taken longitu-
dinally along the lateral side of the antler. The velvet
sample was immersed immediately in Bouin's solution
and later dehydrated in increasingly concentrated
ethanol (70°, 90° and 100°), dehydrated in xylene,
and embedded in paraffin wax. Sections (6 um) cut
perpendicular to the longitudinal axis of the antler
were stained either with haematoxylin-eosin and with
Van Gieson's stain. Stained sections were carefully in-
spected to provide a qualitative description of the AV.

Thereafter, a restricted morphometric analysis of
the AV was performed. Fifty to eighty images from
haematoxylin-eosin stained sections were captured
from a light microscope (BX50, Olympus) using
a video camera (SSC-C158, Sony, Tokyo, Japan) and
analysed with Infinity Analyse software (Lumenera
Corporation, Ontario, Canada) at a final magnifica-
tion of 600 x. Total epidermal thickness, thickness of
the corneum, intermediate and basale strata of the
epidermis, total dermis thickness, superficial and deep
dermis thickness, and the number of keratinocyte
layers were measured.

Statistical analysis

Quantitative histological variables were compared
between yearling and adult stags using ANOVA, in-
cluding the days since antler cast as a coverable in the
model. A multiple regression analysis was performed
considering the age of each deer and the number of
days since antler cast as independent variables, and
the quantitative histological variables as the depend-
ent variables. Data are presented as mean = standard
error of mean (SEM).

RESULTS
Qualitative histological analysis

Haematoxylin-eosin stain

The AV of pampas deer had the same general
characteristics of the mammalian thin skin. The most
remarkable characteristic was the absence of sweat

271

Figure 1. Antler velvet from juvenile pampas deer (Ozotoceros
bezoarticus) males, general view. Epid — epidermis; SD —
superficial dermis; DD — deep dermis; Hd — hypodermis; Phf —
primary hair follicle; Shf — secondary hair follicle; SG — seba-
ceous gland. Magnification: x40. Bar = 200 um.

Figure 2. Antler velvet from adult deer, general view. Note deep
primary follicle with very well developed sebaceous gland. Epid —
epidermis; SD — superficial dermis; DD — deep dermis; Hd —
hypodermis; Shf — secondary hair follicle; SG — sebaceous gland.
Magnification: x 100. Bar = 80 um.

glands and arrector pili muscles. Three layers could be
recognised: epidermis, dermis (both superficial and
deep) and hypodermis (Figs. 1, 2). Several particulari-
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ties of each layer could be pointed out, which will be
described below.

In most samples, there were no dermal papillae
penetrating the epidermis. Variations in epidermal
thickness were quite evident, with alternating thinner
and thicker sectors, which made the dermo-epidermal
limit an undulating profile. The stratum basale (one
cell thick) of the epidermis was composed of low
columnar epithelial cells (keratinocytes) and melano-
cytes (Fig. 3).

Melanin was visible and abundant. Superficially
to the basal stratum, a spinosum stratum could be
recognised; it had a pair of cells thick, made up of
polyhedral to rhomboidal keratinocytes, with their
longer axis perpendicular to the epidermal surface.
A stratum granulosum, also a pair of cells thick and
with few granules, was closer to the skin surface.
Keratinocytes were also polyhedral, but the longer
axis was parallel to the epidermal surface in stratum
granulosum. The most superficial stratum was stra-
tum corneum, 2-3 squamous keratinocytes thick. The
most superficial cells seemed highly keratinised, but
their nuclei were still recognisable.

The dermis could be subdivided into a thin super-
ficial stratum (superficial dermis), 5-10 cells thick,
with a very dense microvascular bed (arterioles, ven-
ules, capillaries), and thin collagen bundles. The deep
dermal stratum (deep dermis) was much thicker, and
occupied most of the velvet thickness. Blood vessels
were also very abundant, but besides a dense micro-
vascular bed, there were arteries and veins of bigger
diameter, as well as conspicuous lymph vessels and
nerves. Hair follicles were abundant. It was easy to
distinguish between primary and secondary hair fol-
licles. Primary follicles were longer and with bigger
diameter, with a pair of well-developed sebaceous
glands. Secondary hair follicles were more abundant
but shorter, of smaller diameter, and with small se-
baceous glands. Primary hair follicles reached the
deepest portion of the deep dermis (Fig. 4), whereas
secondary hair follicles reached approximately two-
thirds of such depth. As in all mammalian skin types,
primary hair follicles could be recognised because
of their bigger diameter, both at the stem and at
the follicle bulb. The capillary bundle at the follicle
bulb axis was longer and wider in primary follicles.
Furthermore, keratinocytes looked bigger and darker
stained in primary follicle bulbs. Two kinds of primary
hair follicles could be distinguished: a few longer fol-
licles, with deeper bulbs, bigger diameter and very big
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Figure 3. Epidermis, adult deer. Note abundant melanocytes
in basal layer (BL), and melanin-rich keratinocytes throughout
the epidermis. IL — intermediate layer; CL — corneal layer.
Magnification: x400. Bar= 20 um

Figure 4. Deep dermis, adult deer. Note wider follicle bulb

and longer capillary bundle in primary hair follicle (PF).

See follicle bulb, capillary bundle, hair follicle stem, and cuticle,
cortex, medulla of hair fibre; SF — secondary hair follicle.
Magnification: x100. Bar = 80 um.

and deeply located sebaceous glands, as compared
to most primary follicles. No sweat glands or arrec-
tor pili muscles were seen. The hair fibres of primary
follicles had a superficial thin and keratinised cuticle,
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Figure 5. Antler velvet, Van Gieson’s stain. Note thicker collagen
bundles in deep dermis (DD), how collagen bundles direction
changes between superficial dermis (SD) and DD, sloughed off
corneal stratum; SG — sebaceous gland. Magnification: x100.
Bar = 80 um.

a thick, keratin-rich looking cortex, and a narrow
medulla. The hair fibres in secondary follicles had
a markedly smaller diameter, the cortex was much thin-
ner. However, the medulla’s diameter was similar to
the primary hair fibres. A couple of secondary follicles
were seen reaching the epidermal surface at the same
pore as a primary follicle.

Deeper beyond the dermis lay the hypodermis:
a thick, dense, connective tissue layer. This hypodermal
layer was more fibrous than the deep dermis, and
more densely irrigated than the deep dermis, espe-
cially regarding thick veins. The hypodermal layer
seemed thicker in most adult than in yearling stags.

Van Gieson'’s stain

Using the Van Gieson'’s stain, abundant collagen
bundles were evident in both superficial and deep
dermis (Fig. 5). Collagen bundles in the superficial
dermis were thinner than in the deep dermis. Collagen
bundles were particularly thin in the shallow dermal
superficial papillae which were visible in thicker epi-
dermis’ areas. In the deep dermis, collagen bundles
were abundant and much thicker than in the superfi-
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Figure 6. Antler velvet, adult deer. Van Gieson’s stain. Note both
collagen bundles and blood vessels are thicker in deep dermis
(DD) than in hypodermis (Hd). Note fibrous projections with
collagen bundles orientated perpendicular to the antler bone and
richer in small vessels in hypodermis. Small venous lumina remain
between fibrous projections. Magnification: % 100. Bar= 80 um.

cial dermis. However, in the vicinity of hair follicles and
sebaceous glands, a thin layer of dermal connective
tissue was present, with histological characteristics
(fewer, thinner collagen bundles, abundant capillar-
ies) which were quite similar to the superficial dermis.

The connective tissue in the antler hypodermis
(Fig. 6) had abundant collagen bundles which were
thinner than in the deep dermis, arteries and veins
looked smaller, and the microvascular bed looked
denser than in the deep dermis.

In the superficial dermis, collagen bundles showed
no particular orientation, and traversed through the
superficial dermis in all directions. However, at the
limit between superficial and deep dermis, most bun-
dles were parallel to the dermo-epidermal limit. In
the deep dermis, most bundles were oblique to the
dermo-epidermal limit. In the superficial papillary
zone, most collagen bundles were oriented along the
papillary axis and thus, approximately perpendicular
to the epidermal surface, but almost parallel to the
lateral papillary dermo-epidermal limit. Near hair fol-
licles, collagen bundles were thinner than in the rest
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Table 1. Quantitative histological variables of antler velvet antler in adult and young pampas deer (Ozotoceros bezoarticus) males

Adult (n = 4) Juvenile (n = 5) P
Epidermal thickness [um] 433.0 +0.03 359.0 + 163 0.05
Stratum basale [um] 125.0 £ 0.3 117.0+99 NS
Stratum intermedium [um] 265.0 = 0.05 206.0 = 8.7 0.09
Stratum comneum [um] 43.0 = 0.02 36.0 = 1.1 0.04
N of keratinocyte layers [N] 40+02 40+0.1 NS
Dermis thickness [um] 613.0 =03 643.0 = 30.5 NS
Superficial dermis [um] 52.0 =0.07 47019 NS
Deep dermis [um] 561.0 + 0.3 597.0 = 28.8 NS

Table 2. Main antler velvet quantitative histological parameters in adult and young pampas deer (Ozotoceros bezoarticus) males, and

results of a multiple regression including the age and the days after antler casting as independent variables

Pooled samples P R? P P of days after

(n=9 of model of age antler casting
Epidermal thickness [um] 3920 = 194 0.04 0.67 NS NS
Stratum basale [um] 121.0+538 NS 0.32 NS NS
Stratum intermedium [um] 2320+ 16,6 0.08 0.57 NS NS
Stratum comeum [um] 390+18 0.1 0.52 0.05 NS
N of keratinocyte layers [N] 40=+0.1 NS 0.31 NS NS
Dermis thickness [um] 630.0 = 285 NS 0.13 NS NS
Superficial dermis [um] 49016 NS 0.18 NS NS
Deep dermis [um] 581.0 + 27.9 NS 0.15 NS NS

of the deep dermis, and the bundles ran parallel to
follicles and sebaceous glands.

Deeper into the deep dermis, collagen bundles
were interwoven and more parallel to the velvet
surface. The antler hypodermis had a thicker, more
superficial, fibrous sector, where collagen bundles
ran in all directions. Deeper inside the hypodermis,
bundles of fibres became perpendicular to the velvet
surface, as well as to the antler bone surface, where
they inserted (insertions were cut during sampling).
In these perpendicular bundles sectors, microvascu-
lar density seemed higher. Moreover, a venous layer,
with fairly big lumina appeared interspersed with the
insertion collagen bundles. All veins were sectioned
when samples were taken, indicating they reached
the limits of the antler bone tissue.

Quantitative histological analysis

Epidermal thickness and stratum corneum of AV
was greater in adult than in yearling stags (p < 0.05;
Table 1). Stratum intermedium of AV from adult stags
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tended to be greater than in yearling stags (p < 0.09;
Table 1).

Age and days after antler casting positively influ-
enced epidermal thickness (p = 0.04; Table 2), and
tended to influence the stratumintermedium (p = 0.08)
and the stratum corneum (p = 0.1). In the stratum
corneum, this tendency in the general model was
generated by the positive influence of the age
(p = 0.05; Table 2).

DISCUSSION

As far as we know, this is the first qualitative and
quantitative report on deer’s AV histology. In general,
the main characteristics were similar to those of mam-
malian thin skin [22]. However, it was relevant to find
several particular traits of velvet differing from skin:
relatively thick epidermis (considering it is a type of
thin skin sample), no evident papillae in most of the
velvet, as expected for thin skin, but with shallow
papillae in areas where epidermis is thicker, as well as
an undulating pattern of epidermal thickness areas.
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Moreover, the stratum intermedium of the epider-
mis could be decomposed into a stratum spinosum
and a stratum granulosum; both very thin but clearly
distinct. This is not at all typical for thin skin [22],
but reminds of thick skin samples [22]. Dermal char-
acteristics also corresponded to those of thin skin.
However, dermal irrigation was quite dense, regarding
both microvascular and macrovascular vessels and,
nevertheless, collagen bundles were thick and abun-
dant in deep dermis. This seems a particularity of the
AV histology, since normally densely woven collagen
fibres do not coexist with abundant blood vessels [8].
Perhaps the mechanical demands of velvet, which is
a thin structure overlying much harder antler bone,
and the need for fast growth, explain this seemingly
contradictory coexistence of a dense vascular bed and
densely woven collagen fibres. Interestingly, Clark et
al. [4] reported presence of pleiotropin mRNA both
in the antler tip and in its velvet dermis. Pleiotropin is
considered a strong angiogenic factor [9] and might
explain the abundant dermal irrigation we are re-
porting. The complex and organised collagen bundle
orientation might be an adaptation to mechanical
stress of velvet along the antler surface.
Quantitative histological variables shed light to
some interesting aspects of AV structure and the
growth of the different layers. First of all, no layer
had its thickness related directly to the time of sam-
pling after antler cast, at least within the studied
time ranges. Moreover, considering that the range
in sampling time was wide in relation to the time
during which velvet is still present (antlers are cast in
August, attain maximum size in September, and AV is
shed in November; [27]), it can be assumed that the
time during which the velvet has been developing is
unrelated to the thickness of its layers. Interestingly,
there was a relationship between age of the stag and
stratum corneum thickness, but there was no relation
with the stratum intermedium (just a tendency) or the
stratum basale thickness, suggesting that the slough-
ing of superficial keratinocytes is slower in adult deer
AV, and/or superficial keratinocytes are thicker in adult
deer AV. Perhaps this is explained by longer lasting
intercellular unions between keratinocytes, but not
higher mitotic rates at the stratum basale level, since
differences were detected at the most superficial
layers. However, to confirm this speculation, specific
studies of mitotic rate should be performed. Overall,
it would be interesting to study similar differences in
animals with a wider age distribution. Interestingly,
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stratum corneum is thicker in adult stags, which
develop heavier and bigger antlers as compared to
their own body weight.

CONCLUSIONS

In summary, we have reported the first detailed
qualitative and quantitative histological description
of deer AV. The pampas deer AV’s histological struc-
ture was similar to mammalian thin skin, but lacked
sweat glands and arrector pili muscles; spinosum and
granulosum strata could be recognised and the deep
dermis was densely irrigated in spite of displaying
abundant and well developed collagen bundles. The
epidermal velvet thickness, as well as the stratum
corneum thickness were both positively related to the
age of the stags. On the other hand, the time since
antler cast seemed not to influence the thickness of
the different velvet layers.
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