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Concentration of minerals in the hoof horny capsule of healthy and

lame dairy cows

Concentracao de minerais no estojo corneo do casco em vacas

leiteiras sadias e com claudicacao

Antonio Amaral Barbosa'!”; Gabricla Bueno Luz?; Viviane Rohrig Rabassa’;

Marcio Nunes Corréa®; Charles Ferreira Martins?;
Francisco Augusto Burkert Del Pino*

Abstract

The aim of this study was to evaluate the mineral concentrations in the hoof horny capsule of healthy
Holstein cows and cows with hoof problems associated with laminitis. Twenty-one multiparous
Holstein cows with an average production of 24 L of milk/day, reared with semi-extensive nutritional
management, were studied. The animals were evaluated and divided into two groups based on their
locomotion score (LS, range: 0 to 4). LS greater than 2 indicated laminitis-associated lesions (lame cow
group: LC), and LS = 0 indicated cows without laminitis (CWL). A sample of 30 mm? was collected from
the hoof horny capsule at the abaxial wall to evaluate the concentrations of calcium, phosphorus, zinc,
and magnesium. Calcium blood concentration was also evaluated. The LC group had lower magnesium
concentration (P=0.008) and showed a trend (P=0.06) for lower calcium concentration compared to
healthy animals (CWL), even though all animals were normocalcemic. The concentration of other
minerals did not differ between the LC and CWL group. In conclusion, the magnesium concentration in
the hoof horny capsule was lower in cows with lesions associated with laminitis, while phosphorus and
zinc concentrations were not affected. The relationship between hoof lesions and calcium concentration
requires further investigation.
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Resumo

O objetivo deste trabalho foi avaliar as concentragdes de minerais no tecido corneo de vacas leiteiras
da raga Holandés saudaveis e com afecc¢des podais associadas a laminite. Foram utilizados 21 bovinos,
fémeas, multiparas, da raga Holandés, com producdo média de 24 litros de leite por dia, submetidas a
manejo semi extensivo de alimenta¢do. Os animais foram avaliados quanto ao seu escore de locomocao
(EL) e divididos em dois grupos: EL acima de dois, apresentando lesdes associadas a laminite (vacas
com laminite - VCL); e EL igual a zero (vacas sem laminite - VSL). Foi realizada uma coleta de
tecido corneo com aproximadamente 30 mm? de area da regido abaxial da muralha do casco, a partir
destas amostras foi realizada analise de calcio, fésforo, zinco e magnésio. Foi realizada coleta de
sangue para analise dos niveis de calcio. Os animais do grupo VCL apresentaram niveis de magnésio
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menores (P=0,008), ja com o célcio foi observado aproximagdo da significancia (P=0,06) para menores
concentragdes desse mineral quando comparado as vacas sadias (VSL) apesar de todos os animais
serem normocalcémicos. Os demais minerais avaliados ndo apresentaram diferenga entre grupos. Em
conclusdo, vacas com lesdes associadas a laminite apresentam menores concentragdes de magnésio no
tecido corneo digital, sem variag@o nas concentragdes de fosforo e zinco. A relagdo entre lesdes podais
e os niveis de calcio no tecido digital precisa ser avaliada em novos estudos.

Palavras-chave: Bovinos. Casco. Macrominerais. Microminerais. Pododermatite asséptica.

Foot disorders are among the diseases that
most affect the health and welfare of animals, and
it is estimated that they cause economic losses of
up to 40% in dairy cows (NICOLETTI, 2004).
The incidence of diseases causing claudication
in bovines has increased greatly in recent years,
and claudication resulting from foot disorders is
considered a major problem in dairy cattle. Lame
cows reduce their food intake due to pain and
reluctance to move, and may have a decrease in milk
production of up to 1.5 kg day™!, or from 5 to 20% of
lactation milk production (SILVA et al., 2004).

Most locomotor system injuries are associated
with poorhoof quality and loss of elasticity, hardness,
tissue composition, hygroscopic properties, and
misalignment of the horny capsule (MENDES et
al., 2013). Nutrition is directly related to the quality
of hoof horny tissue and the occurrence of digital
disorders in cattle. Hormny capsule development
and quality of configuration are
by nutritional

influenced
deficiencies and unfavorable
environmental conditions, with increased sole wear
and susceptibility to digital lesions (BALLANTINE
et al.,, 2002). However, little is known about the
role of some macro- and microminerals in the

keratinization process of this tissue.

Hoof capacity for standing environmental
conditions depends mainly on the physical properties
of hardness, resistance, and viscoelasticity, which
are determined by the chemical composition
(BAGGOTT et al., 1988;  WINKLER;
MARGERISON, 2012). It is believed that mineral
concentration is directly associated with the
integrity of keratinized tissues, and therefore may

affect tissue quality. Thus, increased bioavailability
of minerals results in improvement in horny tissue
(BALLANTINE et al., 2002).

Tissue bioavailability and retention of minerals
have been demonstrated in many studies, revealing
the importance of these elements in the metabolism
of different systems involved in biochemical,
hormonal, oxidative, and enzymatic processes.
Some studies have reported the importance of zinc,
calcium, magnesium, and phosphorus in dairy
production and bovine fertility; however, studies
on the effects of these macro- and microelements in
hoof integrity remain scarce.

Nevertheless, in some foot disorders a complete
absence of chemical synthesis or changes in
bonding of keratin and structural proteins of the
hoof may be presented, with resulting deterioration
in macromolecular organization, along with changes
in mechanical strength needed for movement of the
digit on soil (WINKLER; MARGERISON, 2012).

The most common foot disorder in bovines is
laminitis, defined as aseptic diffuse inflammation of
hoof layers promoting degeneration and necrosis of
lamellar tissue. These changes predispose animals
to a number of lesions associated with this disease,
including hemorrhage, sole ulcers, and white line
disease.

Thus, despite great progress in research in recent
years, the pathophysiology of locomotor diseases
in dairy cattle is not fully clarified, given that
inflammatory and metabolic events may influence
the concentration of inorganic elements, thus
interfering with the formation and integrity of the
hoof.
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Bicalho et al. (2007) reported an inverse
relationship between body condition score (BCS)
and locomotor diseases, and described the positive
association between digital cushion thickness and
the effect of soil on the digit; in other words, the
lower the BCS, the higher the biomechanical stress
induced by the soil on the digit , thus contributing
to claudication. However, they did not relate these
disorders to the levels of minerals in the hoof horny
capsule.

Thus, this study aimed to evaluate mineral
concentration in the horny capsule of Holstein dairy
cow hooves. Both healthy and lame cows with foot
lesions associated with laminitis were studied.

Twenty-one multiparous, Holstein cows were
studied, with 24 L day' average milk production,
of
The animals were assessed for

under conditions semi-extensive feeding
management.
locomotion score (LS), ranging from 0 to 4, where
0 represents the absence of gait abnormalities
and 4 represents severe lameness (WINCKLER;
WILLEN, 2001). The cows were divided into two
groups: 11 with LS greater than 2, representing
lesions associated with laminitis (lame cow group:
LC), according to the method of Mendes et al.
(2013), and 10 healthy cows (cows without laminitis:
CWL), with LS = 0. In a clinical examination of
the locomotor system conducted by veterinarians,
all animals in the LC group presented lesions in the
distal portion of the podal system (hoof). All cows
in the LC group had at least 2 lesions associated

with laminitis.

A single corneal tissue collection, with an
area of approximately 30 mm? was carried out
in accordance with the method of Baggott et
al. (1988); the sample weighed at least 3 g, and
was from the abaxial hoof wall. The sample
was collected from an injured hoof in animals
in the LC group and randomly in cows of the
CWL group, using a loop hoof knife to a depth
of approximately 4 mm. Analysis of micro- and
macrominerals was performed on these samples,

following methodology for evaluation of minerals
in horny tissue (HORWITZ, 1980), for calcium,
phosphorous, zinc, and magnesium levels.

Blood sampling was conducted simultaneously
with hoof sampling by arteriovenous coccygeal
complex puncture, using an evacuated test tube
with no anticoagulant. The samples were then
centrifuged for total calcium determination with a
spectrophotometer.

No animals in this study received prophylactic
or therapeutic treatment for orthopedic diseases.

This study was approved (number 6243) by the
Ethics Commission on Animal Use at the Federal
University of Pelotas.

Statistical
Statistix 8.0 software. The data were analyzed using
the Shapiro-Wilk normality test and/or Wilcoxon-
Mann-Whitney test in the absence of normal

analysis was performed using

distribution between variables in order to evaluate
nonparametric measurements when comparing
two independent groups. Pearson’s correlation test
was used to determine the correlation between the
concentration of minerals in cows with and without

foot disorders.

The most common hoof lesions (Table 1) were
sole ulcers (25%), white line disease (20%), sole
bleeding (15%), and stress lines (15%); the results
were similar to those found by Mendes et al. (2013),
in which stress lines had the highest incidence in the
hoof wall, followed by white line disease and sole
bleeding.

is the disorder most

commonly associated with subclinical laminitis,

White line disease

which is the most common disorder in dairy cows.
The disorder is difficult to diagnose in podal lesions
that do not present with clinical signs of pain, and
is linked to other complications such as abscesses,
sole separation, wall fissures, enlargement, and sole
bleeding, which are consequences of changes in the
quality of the stratum corneum and in hoof white
line thickness (MULLING, 2002).
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On comparing mineral concentrations in the
horny tissue of hooves in this study, a difference
between the groups was noted for magnesium
concentration (P=0.008), but not for calcium,
phosphorous, and zinc (P>0.05) (Table 2).

Table 1. Lesions associated with laminitis in lame cows.

Lesions Number. of Percentage
observations (%)
Sole ulcer 5 25%
White line disease 4 20%
Sole bleeding 3 15%
Stress lines 3 15%
Toe ulcer 2 10%
Scissor hoof 1 5%
Sole abscess 1 5%
Slipper hoof 1 5%
Total 20 100%

Table 2. Concentration of minerals in the horny tissue
(average + standard deviation) of cows with (LC) and
without (CWL) laminitis.

LC (mgkg') CWL (mgkg') P Value

Calcium 8.5+0.44 13.7+0.76 0.06
Zinc 12.0+5.45 10.0£2.57 0.41
Magnesium  7.54+0.55" 14.8+0.26° 0.008
Phosphorus 9.9+1.37 12.3+0.72 0.41

Serum calcium concentrations did not differ
between the LC and CWL groups, at 9.23+1.2 mg
dL! and 10.60+1.3 mg dL*!, respectively (P>0.05);
these were within normocalcemic reference
values for the species (MARTINEZ et al., 2012).
It is known that differentiation of epidermal cells
is very sensitive to changes in plasma calcium
levels. In animals with hypocalcemia, Miilling et
al. (1999) identified corneal tissues with deficient
keratinization, indicating the influence of calcium
on the differentiation of epidermal cells. Killic et al.
(2007) evaluated the mineral profile of both lame
and healthy cows and also identified normocalcemic
animals; however, lower phosphorous and zinc

serum concentrations were measured in lame cows,
demonstrating the deficiency of these minerals not
only in the horny tissue but also in serum levels.

Animals in the LC group showed a trend (P=0.06)
for lower calcium concentrations compared to
healthy cows (CWL) (Table 2), although blood
levels were similar (P>0.05). According to Miilling
et al. (1999) there is a relationship between calcium
concentration in the horny tissue and production
of keratinocytes, promoting the activation of
epidermal transglutaminase, which participates
in the bonding process between keratin fibers
of the cell envelope and the final differentiation
of epidermal cells. Casagrande (2013) reported
that hypocalcemic animals show higher hoof
wall wear than normocalcemic animals, thus
demonstrating the effect of calcium concentration
in podal metabolism. There is some speculation
that normocalcemia and mild deficiency of calcium
ion (P=0.06) in horny tissue may be related to
circulatory insufficiency in the digital tissue of cows
affected by laminitis; when associated with lower
local magnesium concentrations identified in this
study (P=0.008), taking into account the enzymatic
cofactor functions, these findings would contribute
to the occurrence of the podal changes identified.

Cows in the LC group showed lower magnesium
concentrations in the horny tissue than those in
the CWL group (P=0.008). Few reports have
emphasized the direct influence of magnesium
concentration on hoof formation. However, the
influence of magnesium on calcium homeostasis
is well known, and is important in keratogenesis
(MULLING et al., 1999).

Magnesium plays an important role in
calcium homeostasis, and primarily affects its
metabolism in 2 different ways. The first is by
reducing parathormone secretion and the second
is by reducing the sensitivity of the tissues to this
hormone. In cows with hypomagnesemia, even in
the presence of hypocalcemia, the concentrations

of parathormone did not increase, leading to
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the conclusion that magnesium is essential for
parathormone release as well as for the synthesis
of 1,25-dihydroxyvitamin D (LEAN et al., 2006).
The effect of decreased magnesium concentration
on tissue sensitivity to parathormone occurs
because it activates adenylyl cyclase when bound
to a receptor in the bone and kidney, leading to the
production of the second messenger cyclic AMP. In
other tissues, the parathormone receptor activates
phospholipase C, leading to the formation of the
second messengers diacylglycerol and inositol
1,4,5-trisphosphate.

Miilling (2002) showed the importance of the
relationship between the zinc and calcium complex
for hoof structure. In this study, cows from the LC
group exhibited a negative correlation between
these minerals (r=-0.71; P=0.02), demonstrating that
animals with lower calcium levels had higher zinc
concentrations. This negative correlation suggests
that lame and injured cows may have a deficit in
the final differentiation of epidermal cells in corneal
tissue, taking into account the interaction between
these minerals, in which zinc participates in the
keratinization process and calcium in cornification
and final differentiation of epidermal cells
(MULLING et al., 1999). Therefore, these results
indicate that the calcium-dependent cornification
process must be impaired.

Although no differences in zinc concentration
were noted (P=0.446),
a major component of the

between the groups
this mineral is
keratinization processes, playing a fundamental
role in the formation of hoof structural proteins
(MULLING, 2002). Cows with insufficient zinc
concentrations present with deficient formation
of keratin filaments and decreased keratinocyte
development (BALLANTINE et al., 2002). Baggott
et al. (1988) reported that lame cows have lower
zinc concentrations than healthy cows and more
sensitive horny tissue, indicating zinc or vascular
insufficiency. Several proposals have been made
for the supplementation of dietary minerals in

production systems with a high incidence of podal
disorders. Ballantine et al. (2002) studied cows fed
with organic sources of zinc, and identified fewer
locomotion disorders related to the hoof.

did not differ
between the groups (P=0.416) and Penev et al.
(2014) found no relationship between hoof hardness
and concentration of this macroelement in the horny

Phosphorus  concentrations

tissue, even though Baggott et al. (1988) reported
higher hoof wall resistance in animals with higher
Casagrande (2013)
concluded that cows with high serum phosphorus
concentrations exhibited healthier and stronger
hooves, which was related to greater keratin
synthesis.

phosphorus concentrations.

Analysis of mineral concentrations in horny
tissues of dairy cows can provide objective indexes
of metabolic health and foot strength assessment
(PENEV et al., 2014). Some changes in the mineral
profile of animals in this study require clarification;
as stated by Baggott et al. (1988), we must consider
not only changes in mineral concentration, but also
cell disorders, pathological changes, poor absorption
of these components in the diet, and even metabolic
disorders. It is relevant to consider the influence
of other variables in this context, including the
environment, management, nutrition, conformation,
lactation phase, and age range, in view of their
strong effects on hoof integrity (MENDES et al.,
2013).

An important factor to consider in the mineral
constitution of the hoof is the hygroscopic capacity
of the podal horny tissue. Hence, we highlight the
possibility of absorption of not only soil water by
the hoof, but also other constituent macro- and
microelements that affect concentration in the
tissue, and can be influenced by season, rainfall,
and the management system being used. In this
study, horny tissue samples were collected in a wet
season, with rainfall of about 100 mm per month.
This could account for possible interference and
variability in the results of podal tissue composition.
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The soil where the animals were located had sandy
and clayey characteristics, depending on which lot
these animals occupied.

Although the concentrations of serum calcium
and the results in horny tissue did not vary between
the LC and CWL groups, future studies analyzing
such relationships and the interaction of these
systemic components with digital tissue must be
explored, taking into account metabolic levels,
serum mineral profile, nutritional level, and degree
of digital impairment.
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