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Histological and Morphometric Characteristics of
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SUMMARY: This study aimed to evaluate the microstructure of the buffalo’s hoof capsule using hystomorphometry and
computerized light microscopy. The length, thickness, gap and number of epidermal papillae and the morphology of theuemeal tu
of the hoof were described in this paper. This study used 56 hoof capsules from hooves of 14 adults — age ranging framorzthgo 60
old — female buffaloes of the Jafarabadi breed; weighing around 650 kg. Fifty-six samples, 28 from thoracic limb and 28drom pe
limbs, were analyzed, resulting in a total of 112 digits. Clinical specimens were collected at the coronary corium, |amina tber
abaxial wall and pre-bulbar soles. The study concluded that the microstructure of the hoof capsule of buffalo hooves fire made o
epidermal papillae measuring 1,721.59 mm of length, 62.94 mm of thickness and 49.02 mm of gap between the papillae. This study
determines that the coronary corium has more epidermal papillae than the laminar corium of the abaxial wall and presbdibar sole
corneal tubules of the hoof capsules exhibit helical fashion and points to the possibility of applying this feature teshef hibev
biungulate species as well. In this research, we have been able to determine morphological parameters not yet desctified in scie
literature. These findings can be used in future comparative studies of healthy cattle and buffaloes and speculate avideace abo
hooves’ vulnerability facing different hoof diseases.
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INTRODUCTION

The hoof capsule from bovine hooves is divided inintercellular cement directly affects the mechanical properties
wall, sole, heel, heel bulb and white line according to itsf the corneal tissue, especially its resistance, whose reduction
formation, site and function (Greenough, 2007). This cornealight indicate a predisposition to hoof diseases. Among the
structure is supported from the dermis on a modified epideisk factors, besides reduced hoof resistance, inappropriate
mis. The combination of these structures constitutes th@imal handling, constant presence of contamination and
coronary and laminar corium. Modifications occurring in th@xcess humidity are presented as critical (Radtedd, 2015).
epidermis result in epidermal papillae that take part in thgéowever, these factors may not have the same importance in
proliferation of keratinocytes, which synthesize keratin anduffaloes, for they are apparently more resistant to hoof
intercellular cement, substances which are linked to hodfseases when compared to cattle (Sihal, 2015). Guccione
quality and integrity (Konigt al, 2007). et al (2016) have observed in the Mediterranean Buffaloes

breed similar hoof disease seen in the cattle, yet with lesser

Tubular keratins build a tubular compact and concentrisrevalence. The hoof diseases, mainly in dairy cattle are severe
structure in the hoof capsule not being seen in the modifiegid responsible for sizeable losses in dairy farm have not been
epidermis. The number of corneal tubules connected by theported in buffalo farms yet (Sihet al).
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Nevertheless, though hoof diseases are less frequarts ensured. The samples were stored in plastic packages
in buffaloes, there are unanswered questions on the subjecty put at -15C. Afterwards, samples were sent to the Ma-
particularly related to hoof microstructure. On this matter, terial Engineering Laboratory at USP — S&o Carlos. First,
is still necessary to characterize its microstructural aspedise material was defrosted and embedded in T208 resin (Cris-
This paper intends to determine parameters of the hdaf®, styrene monometer, MEK TGDM 50 catalyst and
capsules microstructure of buffalo hooves. dimethylamine) in a proportion suitable for hardening for

approximately three minutes. After then samples were sanded
with water sandpaper number 80 to 2.200 for display of the
MATERIAL AND METHOD hoof fragments using a Politriz Arotec — Aropol E® and,
finally, analyzed in a light microscope (Zeiss AxioPlan 2ie,
motorized and computerized, with built-in digital camera

Data collection occurred between July 2014 andxiocam HR — 3900 x 3900 pixels). Images were analyzed
August 2015, respecting the ethical precepts in animasing KS400 from Zeiss software.
experimentation and approved by the Ethics Committee of
Animal Use, Deanery of Research and Innovation of UFG To analyze the results, T-test was used to compare
(CEUA-PRPI-UFG), Protocol #20/2014. two means, and analysis of variance (ANOVA) was used to

compare the measure of the epidermal papillae of the thoracic

This study used 56 hoof capsules from hooves of 14nb, pelvic limb, the coronary corium and laminar corium
adults — aged between 24 and 60 months old — non pregnafnthe abaxial wall and sole at a 5 % significance level,
female buffaloes of the Jafarabadi breed; weight aroumdcording to Sampaio (2010).
650Kg (1433 = pounds). All animals were pasture raised,
without concentrated dietary supplementation, obtained from
cold stores under the Federal Inspection Services, totaliRESULTS AND DISCUSSION
28 thoracic limb, 28 pelvic limb and 112 hooves. Of these
112 hooves, 56 were destined to histological and
morphometric evaluations and to computerized light In the analyzed animals, greater stratification and
microscopy. Among the 56 hooves clinical specimens fropapillae number were observed in the coronary corium, the
the coronary corium, laminar corium of the abaxial wall anidminar corium of the abaxial wall and sole respectively. (Figs.
pre-bulbar sole, approximately 10 mm x 2 mm, weré. A, B, C). Similar from other scientific research (Ralmtlo
collected, totaling three sampling points from each hoaddl.), analysis from this study indicated that the basal layer is
Samples were fixed in 10 % buffered neutral formalimesponsible for the renewal of keratinocytes, that are in constant
solution, embedded in paraffin and stained with hematoxylimitosis and originate the spiny and granular layers (Figs. 1.
eosin (HE). Sample processing for histologic an®, E, F). From the complexity of this physiological mechanism
morphometric evaluation followed the methodologyn buffaloes, it might be inferred that this mechanism has fun-
described by Rabelet al damental importance for the integrity and quality of the hoof

capsule (Tombolatet al,, 2010).

Histological sections analysis was conducted on a
Leica DM 750 photomicroscope, with built-in digital camera Inside the keratinocytes, distributed in the hoof
ICC50 (HD-521420221). For morphometric assessmengpidermal layer, an expressive number of melanosomes, rich
including length, number and thickness of the epidermad melanin was observed (Figs. 2. A, B). Macroscopically,
papillae and its corresponding gaps in the coronary coriuthese histological findings are translated into an intense
laminar corium of the abaxial wall and sole, images werggmentation of buffalo hooves, allowing speculation that
captured and analyzed using the LAS EZ® software. Feuch pigmentation also plays a role in the resistance of their
epidermal papillae length, the measure between the derm@mves.
and basal layer at the apex of the papillae was considered.

Papillae thickness was assessed from the left to the right As the correlation between pigmentation and

basal layer. Papillae gaps were measured from the basal lagsistance of buffalo hooves has not been the aim of scientific

of one papilla to the basal layer of its adjacent papilla. investigation, the subject requires scholar efforts to elucidate
the factors encircling this feature. At the same time, however,

Material collected from the same regions and whichreater quantities of melanin were observed at the base of
were used for computerized light microscopy analysihe epidermal papillae, compared to the quantities of the
respected the approximate dimension of 10 mm x 10 mmeferred pigment in the body and apex of the same structure.
During sample processing, the removal of dirt and soft tissltewas shown, also, that this pigment involves the cellular
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(yellow asterisk). (B) Abaxial wall papillae (yellow asterisk). (C) Sole papillae (yellow asterisk). (D) Basal layer ofitiae taomum
from the abaxial wall, showing intense mitotic division of the keratinocytes at the tip of the red arrow. (E) Basal layeasyetisk),
spiny layer (red arrow). (F) Granular layer (red arrow) and corneal layer (yellow asterisk), H&E.

nucleus and is organized in an “umbrella” fashion, alwaythe strength of this anatomic structure. Therefore,
in the opposite direction to the surface of the hoodxtrapolating these results to the cattle species, the same
capsule (Figs. 2. C, D). It is possible that this melaniarguments can be used to justify the greater fragility observed
arrangement might protect the DNA molecule fronin depigmented hooves when compared to pigmented hooves
ultraviolet (UV) radiation, contributing in part to increasgRabeloet al). However, contrary to this study, those authors
the resistance of the hoof capsule of buffalo hooves. Studidisl not point to the disposition of the melanin pigment in an
show that UV-B radiation, along with UV-C, might“umbrella” fashion as a possible protective factor for hoof
compromise the epidermis of derived structures, inducifdNA against UV radiation after analyzing the size, thickness
the production of free radicals through the peroxidation @find gaps between the epidermal papillae.
lipids, indirectly damaging the DNA. This mechanism might
determine cell death and present a skin carcinogenic Histological analysis of the laminar corium
effect (da Silveet al,, 2001). epithelium showed that the keratinocytes from the horn layer
are full of keratin (first product of keratinization) and

It is imperative to have academic studies that descafranged concentrically to form the corneal tubules.
be the behavior of melanocytes and melanin concentratibriratubular keratin is arranged in a helical form and the
by area of the corneal tissue in pigmented and non-pigmentegtatinocytes are anucleated (Figs. 3. A, B, C). The helical
hulls. It is believed there is evidence that the melanocyéerangement of the intra tubular keratin, similar to the alfa-
and melanin production can directly or indirectly influencéeratin structure — main protein constituent of the keratinized
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Po ¥ o - C 1 ) A s
Fig. 2. Photomicrography of the coronary corium epidermis from the hoof capsule of buffalo hooves. (A) greater quantitinahmela
the keratinocytes near the epidermal papillae base and smaller quantity near the apex. (1) Basal layer, (2) Spiny éayeéar(By6Ei:
(B) Keratinized epidermis (yellow asterisk). In the white circle numerous melanosomes can be noticed, spread in the Kesaiinized
(white circle). (C) Intense melanin production at the base of the epidermal papillae of the coronary corium, and itdtrelkessiticytes
through the melanosomes (red arrow). (D) Melanosomes, rich in melanin and organized in an “umbrella” fashion, around the cell
nucleus (red circle) H&E.

epidermis - was also described by McKittrikal (2012). This feature was also seen in the sole; however, the
The intercellular cement, second product of keratinizatiodevelopment of the corneal tubules in this region started at
adhering the keratinocytes and helping in the waterproofinlge laminar corium (Figs. 4. A, B). The same evaluation
of the hoof capsule and observed in the present study, wasthod revealed corneal tubules in a helical fashion (Figs.
not reported in other research with buffaloes (Séval), 4. C, D), agreeing with McKittric'et al. descriptions.
yet it was described in equines (Hendtyal, 1999) (Fig.
4). Intense dermic vascular network formation around theechnical hystomorphometry allowed the measurement of
epidermal papillae was also observed, in addition to papillagiye length, width and numbers of thoracic and pelvic
central vessels (Fig. 3, D and E). epidermal papillae, laterally and medially in different parts
of the hoof capsule of buffalo’s digits (Table I).
Computerized light microscopy indicated that the corneal
tubules of the dorsal and abaxial wall of the hoof capsule ©he length of the epidermal papillae in buffalo hooves,
buffalo hooves begin at the coronary corium and project froassessed through hystomorphometry did not reveal statistical
proximal to distal, following the same growth direction oflifferences in any of the comparisons (p > 0.05), but the
the hoof, up to the white line. values presented were higher in relation to the epidermal
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Fig. 3 - Photomicrography of the hoof capsule epidermis from buffaloes hooves. (A) Anucleate keratinocytes from the pesbulbar
capsule, full of keratin, arranged concentrically forming the corneal tubules (white arrows). (B) Intra tubular keratinaabsliozs
form (yellow arrows). (C) Extra tubular keratin, made up of anucleate keratinocytes firmly bonded by cement (yellow ainsweand
the white circle melanin cytoplasmic granules can be seen. (D) The body of an epidermal papillae from the laminar codbexiaf the
wall, in a longitudinal cut, showing an afferent (yellow arrow) and efferent (black arrow) vessel. (E). Capillaries irsietineal
papillae (yellow arrows). H&E.

papillae of bovine hooves of the Gir and Holstein breedsas the described by Mendongiaal (2003), although the
(Rabelcet al). As for the thickness of the epidermal papilla@uthors named the epidermal papillae with the name corneal
of the thoracic and pelvic digits, statistical differences wetebules.

not seen in any of the comparisons (p > 0.05). Similar data

Table I. Mean |¢m) and standard deviation of the length, thickness and spacing between epidermal papillae of the
hooves of buffalo.

Region Papillae Length Papillae Thickness Papillae Gap

TL 1,657.079 +412.673 a 59.027 £13.056 a 52.585+14.039 a
PL 1,797.088 + 457.692 a 64.265 +£11.467 a 45240+ 12.564 a
TL-LD 1,617.023 +461.861 a 66.666 £21.114 a 57.501 £12.353 a
PL-LD 1,660.156 +373.336 a 58.469 £12.387 a 41.922+13.564 a
TL-MD 1,707.149 + 355.119 a 62.807 £11.922 a 50.639+13.967 a
PL-MD 1,890.727 + 528.611 a 62.926 £16.104 a 51.316+ 14318 a
CCOR 1,800.717 + 264.216 a 95.667+17.451 ab 56.084 +£9.821 a
ABW 1,832.997 + 562.411 a 112.367+21.817b 76.999 + 14910 b
SOL 1,522.238 +379.704 a 89.401 £27.496 a 55.972+13.056 a
MEAN 1,721.59 62.94 49.02

The means followed by the same letter on the same column and variable are not different (p > 0.05). CCOR — coronary corium; ABW
— abaxial wall; TL — thoracic limb; PL — pelvic limb; TL-LD — thoracic limb lateral digit; MP-DL — pelvic limb lateral digilyiD
— thoracic limb medial digit; PL-MD — pelvic limb medial digit; SOL — sole.[S6]
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Fig. 4 . Photomicrography of the keratinized epidermis from the hoof capsule of buffaloes. (A). Frontal view of a
fragment of the hoof capsule abaxial wall. It can be seen that the corneal tubules are arranged alongside each other,
and they follow the hoof growth direction, from proximal to distal (red arrow). (B) Transversal cut showing the
corneal tubules in a circular fashion (red circle). (C) Lateral view of a fragment of the hoof capsule with the corneal
tubules arranged alongside each other, following the hoof growth direction (red arrow). It can be observed that the
corneal tubules are disposed in a helical fashion (black arrow). (D) Frontal view of a fragment of the hoof capsule sole
with the corneal tubules in a circular arrangement (red circle).

The mean values of papillae at the coronary coriunbetween the abaxial wall papillae in relation to the coronary
abaxial wall and sole thickness of the hoof thoracic and pelviorium and sole. Previous researches showed these means in
parts in this assessment, sole papillae were less thick, witbtaer species. Nevertheless, this paper indicates that the
significant difference between the means obtained for theiffaloes have a higher length and papillae number per linear
abaxial wall and sole (p < 0.05). Previous research in catdeea. Although it is not possible to compare this data
suggests that thicker papillae, would theoretically presentstatistically, it is believed that these anatomical structures, in
larger capacity for keratin production (Rabetal). the buffalo species, have greater keratin production capacity,

in addition to promoting better epidermal fixation to the hoof

This study revealed that the coronary corium showsaapsule.
greater number of epidermal papillae per area in comparison
to the laminar corium of the abaxial wall and sole (Table Il). t5p1e 11, Mean @m) and standard deviation, linear

o ) o measurement of papillae number/mm of the coronary and
This finding might be justified, in part, by the fact that |aminar corium of buffalo hooves.

the wall and sole laminar corium are not responsible for the Hoof capsule regions Papillac number/2000 um
hoof growth, but for shock absorption. It is possible that this Coronary corium 16£0121a
feature of the sole explains the fact that the epidermal papillae ay.yial wall 1340143 b

are less thick and less numerous in this region. When the meansg)e 13+0.115b

of the coronary corium, abaxial wall and sole of the thoracic MEAN 14

a_nd pelvic hoof parts were compared, Fhere was statisticalyieans followed by the same letter on the same column are not
difference (p< 0.05), demonstrating superior values in the gapsditferent (p > 0,05).
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