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Abstract

The most common allergic dermatitis of the horse is associated with hyper-
sensitivity to insect bites. A purely hereditary-based background to this aller-
gic pruritus has not been shown, and so far, it is not fully understood why
some horses are more susceptible than others. Although altered zinc levels
have been detected in many inflammatory and allergic disorders, changes in
various trace elements have not been widely investigated in horses with aller-
gic dermatitis. Therefore, the purpose was to analyse trace element profiles in
the sera of 8 affected and 8 matched healthy horses and to further assess
whether the profiles change after therapy of the affected animals. Sera were
collected both before and after therapy of the eczema horses. Samples were
analysed by inductively coupled plasma mass spectrometry for their iron (Fe),
copper (Cu), zinc (Zn), titanium (Ti), vanadium (V), chromium (Cr), man-
ganese (Mn), cobalt (Co) and nickel (Ni) content. Concentrations of Zn and
Ni were significantly lower in eczema than in healthy horses (p = 0.0089 and
p = 0.0018, respectively). In addition, concentrations of Fe, Zn and Ni dis-
played significant inverse associations with the severity of clinical signs (p =
0.0075, p = 0.0397 and p = 0.0011, respectively). After a 4-week therapy, no
significant differences were found between the groups. Concentrations of Ti
were exceptionally stable both between the horses and over time. Horses with
allergic dermatitis have alterations in their trace element profiles in compari-
son with healthy horses. Alterations seem to diminish when clinical signs are
regressing.
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1. Introduction

Allergic dermatitis due to hypersensitivity to insect bites is one of the diseases
profoundly impairing the quality of life of horses. This allergic disorder exhibits
features similar to atopic dermatitis of humans, including intense and recurrent
pruritus with IgE-mediated responses [1] [2]. Severity of clinical signs is related
to the intensity of scratching and following skin lesions. This hypersensitivity af-
fects horses recurrently during the summer months, when animals are exposed
to biting insects, especially to species of Culicoides [3] [4] [5]. Therefore this dis-
order has been known also as summer eczema or insect bite hypersensitivity (IBH)
[1] [4]. Although allergy to the salivary proteins of these midges is the main aeti-
ological factor [4] [6], not all of the exposed horses become affected, in spite of
the worldwide prevalence of Culicoides. Some horse breeds seem to be more
sensitive to this pruritus than others [7] [8]. Several genetic regions possessing
the immunological importance have been linked to insect hypersensitivity [9]
[10] [11], and affected horses have shown variations in the amount and function
of immune cells [1] [5] [12] [13]. However, a purely genetic background for this
allergy has not been demonstrated and therefore, it is commonly recognized that
this recurrent pruritus is a multifactor disease resulting from both hereditary
and environmental predisposing factors [9] [14]. So far, it is obscure, why some
horses are more susceptible to developing this dermatitis than others, even when
they live in similar conditions. It has been shown that Zn plays a role in inflam-
matory and allergic manifestations, in both horses and humans [15]-[21] and is
essential also for normal health [22] [23]. Zn plays a vital role in innate and
adaptive immune responses and its intra- and extracellular concentrations are
highly regulated according to the immune status [24] [25]. However, little is known
about various trace elements and their possible association with this allergic dis-
order of horses. The purpose of this study was to assess the levels of nine trace
elements in the sera of horses with allergic dermatitis and in their matched
healthy controls by inductively coupled plasma mass spectrometry (ICP-MS)
and to further determine whether trace element levels change after therapy of
the affected horses. The analysed trace elements were iron (Fe), copper (Cu),
zinc (Zn), titanium (Ti), vanadium (V), chromium (Cr), manganese (Mn), co-
balt (Co) and nickel (Ni). Of these, the elements with the most interesting or

unexpected findings are discussed in more detail.

2. Materials and Methods
2.1. Horses

A total of 16 horses comprising 8 horses with allergic dermatitis and 8 matched
healthy controls entered in this study. These horses were part of a series of earli-
er study that was focused on serum phospholipids, at which time also samples
for the current study were collected [26]. Detailed information on the horses in
the eczema and control groups is presented in Table 1. The diagnosis was based

on typical clinical signs of insect hypersensitivity and was confirmed by a clinical
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Table 1. Horses with allergic dermatitis and their matched healthy controls.

Gender Age (years) Breed
Icelandic  Shetland
+
Q 3 mean * sd Finnhorse horse pony
range
Eczema horses 11.5+7.0
6 2 5 3 0
n=38 4-23
Control horses 13.5+8.6
3 2 1
n=28 7-29
125+ 7.7
Total 11 5 10 5 1
4-29

examination performed by the author. Clinical signs were categorized as mild,
moderate or severe depending on the intensity of pruritus and relating skin le-
sions and were correspondingly scored as 1, 2 or 3. Signs were regarded as mild
if pruritus was the only sign without skin lesions. Horses with pruritus and mild
lesions in the mane, tail and/or body were graded as having moderate signs,
while horses with pruritus and large skin lesions were classified as suffering from
severe clinical signs. Horses without clinical signs were scored as 0. Of the 8 ec-
zema horses, 4 horses showed mild and 4 moderate clinical signs when the study
started. Only horses with typical clinical signs during thermal summer (mean
24-hour temperature 10°C or above) were included. Horses with signs of pruri-
tus before or after this summer season were excluded, as were the horses that
had been treated with antihistamines or glucocorticoids before this study started.
Healthy horses without any history of allergic dermatitis were matched with
breed, gender and age as closely as possible and they lived on the same farms and
were fed with a similar fodder including mineral salts as their affected counter-
parts. Horses were enrolled from 3 separate farms, and the number of partici-
pated horses in these stables was 10, 4 and 2, respectively.

This study was approved by the Regional State Administrative Agency of
Southern Finland (ESAV1/1016/04.10.07/2014). The current study was performed
according to the guidelines of this ethics committee. Owners’ signed informed

consent for inclusion of their horses was obtained.

2.2. Blood Samplings

The first sample (indicated with 0 in Tables and Figures) for the trace element
analysis was taken before the therapy and when the affected horses had shown
typical clinical signs of allergic dermatitis for at least two weeks. The second
sample (indicated with 4 in Tables and Figures) was collected when the eczema
horses had been on therapy for 4 weeks. Samples were taken using 10 ml plain
vacuum tubes that were filled fully. Samples were kept at room temperature for
at least 3 hours before harvesting to minimizing the effect on the sedimentation
rate [27]. After subsequent erythrocyte clotting, sera were harvested without us-

ing centrifugation. Of the sera, 0.5 ml were taken and stored at —20°C until ana-
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lysed. Samples were collected from the matched healthy controls similarly and
simultaneously and handled in the same manner. Syringes and blood-collection
tubes used were taken from the same packages in both groups and over time. All
samplings were performed during the summer season when both the eczema

and healthy horses were simultaneously predisposed to biting insects.

2.3. Therapy

Eczema horses were treated with an oral administration of an autoserum prepa-
ration that was made from horse’s own serum. A blood sample for autoserum
preparation was drawn at the same time when the first sampling for the trace
element analysis was performed. This autologous serum preparation contains
major serum phospholipids present in the horse blood [28] and it was admini-
strated once a day for 2 weeks, followed by a 1-week pause, after which horses
were treated again for one week. Autoserum therapy is currently a usual method
of treatment among Finnhorses in Finland [29]. Detailed information on the
therapy is described earlier [29] [30]. Clinical signs were recorded both before
and after the 4-week therapy by the author. The clinical condition was regarded
as relieved when the signs became milder on the scale introduced above. Healthy

control horses received no treatment.

2.4. Trace Element Analysis

Samples were analysed for their metal element content by inductively coupled
plasma mass spectrometry (ICP-MS). The metals assayed were iron (Fe), copper
(Cu), zinc (Zn), titanium (Ti), vanadium (V), chromium (Cr), manganese (Mn),
cobalt (Co) and nickel (Ni).

2.5. Statistical Analyses

The Shapiro-Wilk test was performed to assess the normality of the concentra-
tion data. Data of separate trace elements were not uniformly normally distri-
buted, thus both the means and the medians of separate metal concentrations
were demonstrated. Because of the nonparametric distribution of the data, the
Friedman test was used for pairwise comparisons of the concentrations between
the matched groups and over time. The relationship between trace element con-
centrations and clinical signs before therapy was evaluated by Spearman’s corre-
lation test, likewise the association between the change of metal ion concentra-
tions and clinical signs after therapy. Analyses were performed using statistical
software StatsDirect (StatsDirect Ltd., Sale, Cheshire, UK). Two-sided p values <

0.05 were considered significant.

3. Results

Since the concentration data were not uniformly normally distributed, the means,
medians, lower and upper quartiles, and minimum and maximum levels are in-

troduced of the trace elements analysed. The mean concentrations of trace ele-
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ments, both before and after therapy, are provided in Table 2, while Figure 1
and Figure 2 illustrate minimum, maximum and median levels, and lower and
upper quartiles of the concentrations in the eczema and control groups. Con-
centrations of Fe, Cu, Zn and Ti were more abundant as compared with concen-
trations of V, Cr, Mn, Co or Ni and are thus indicated with mg/L, whereas these
minor concentrations of latter elements are indicated with pg/L both in Table 2
and in Figure 2.
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Figure 1. (a) Concentrations of the major elements with minimum, maximum and me-

dian levels in sera of horses with allergic dermatitis and healthy controls before therapy of
eczema horses. Time of sampling is indicated with 0 and eczema and control groups with
e and ¢, respectively. Trace elements analysed were iron (Fe), copper (Cu), zinc (Zn) and
titanjum (Ti). *Concentrations with statistically significant differences between the
groups; (b) Concentrations of the major elements with minimum, maximum and median
levels in sera of horses with allergic dermatitis and healthy controls after the 4-week
therapy of eczema horses. Time of sampling is indicated with 4 and eczema and control
horses with e and ¢, respectively. Trace elements analysed were iron (Fe), copper (Cu),
zinc (Zn) and titanium (Ti).
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Table 2. Concentrations of 9 trace elements analysed in sera of horses with allergic der-
matitis and matched healthy controls.

Concentrations (mean * sd)

Fe Cu Zn Ti v Cr Mn Co Ni
mg/L mg/L mg/L mg/L pg/L pg/L pg/L  pg/L  pg/L

Samples 0

1.97 1.16 0.34 0.10 1.19 15.2 29.9 2.41 16.1
Eczema horses

=8
t 036 025 007 002 080 79 210 30 92

3.66 1.04 0.44 0.10 2.33 38.1 36.2 18.3 209
Control horses

=8
n 344 0.17 0.10 0.04 177 367 367 42.7 486
Samples 4

288 1.15 033 0.10 125 639 266 421 193
+ + + + + + + +

1.82 020 0.06 0.02 0.62 849 11.7 537 53

254 1.07 040 0.08 1.66 23.8 26.0 153 252
+ + + + + + + + +

0.63 0.13 0.12 0.02 144 295 279 241 8.1

Eczema horses
n=38

Control horses
n=_§8

The samples collected before therapy of eczema horses are indicated with 0 and the sam-
ples collected after a 4-week therapy are indicated with 4.

Before the start of the therapy, horses with allergic dermatitis had a signifi-
cantly lower Zn concentration (p = 0.0089) than healthy horses (Figure 1(a)). Of
the minor concentrations, Ni displayed a significantly more abundant concen-
tration (p = 0.0018) in the sera of healthy than in the affected horses (Figure
2(a)). One of the healthy horses showed an exceptionally abundant level of Ni
(1413 pg/L) at the first sampling (Figure 2(a)), whereas at the second sampling
the concentration was 21.2 pug/L. However, Ni concentrations differed signifi-
cantly between the groups even when the outliner and its matched counterpart
had been excluded (p = 0.0099, n = 7). Concentrations of Fe, Cu, Ti, V, Cr, Mn
or Co did not differ significantly between the groups before the therapy (Figure
1(a) and Figure 2(a)). Concentrations of the minor metals seemed to diverge
considerably between the horses (Figure 2(a)).

After the 4-week therapy of the affected horses, no statistically significant dif-
ferences were found between the groups in either the concentrations of the ma-
jor or minor metals (Figure 1(b) and Figure 2(b)). As shown in Table 2, at the
second sampling the average Zn concentrations were lower in both groups;
however, this drop was more obvious among the healthy horses. None of the
trace element concentrations in the eczema or control group changed signifi-
cantly between the samples collected before and after the therapy, although there
were differences between the groups before the therapy. Concentrations of Ti
seemed to be particularly constant both between the horses and over time (Table
2, Figure 1(a) and Figure 1(b)). In five of the 16 horses, Ti values were actually

unchanged between both samplings.
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Figure 2. (a) Concentrations of the minor elements with minimum, maximum and me-
dian levels in sera of horses with allergic dermatitis and healthy controls before therapy of
eczema horses. Time of sampling is indicated with 0 and eczema and control groups with
e and ¢, respectively. Trace elements analysed were manganese (Mn), chromium (Cr),
nickel (Ni), cobalt (Co) and vanadium (V). *Concentrations with statistically significant
differences between the groups; (b) Concentrations of the minor elements with mini-
mum, maximum and median levels in sera of horses with allergic dermatitis and healthy

F——-=

s

W

w

controls after the 4-week therapy of eczema horses. Time of sampling is indicated with 4
and eczema and control groups with e and c, respectively. Trace elements analysed were
manganese (Mn), chromium (Cr), nickel (Ni), cobalt (Co) and vanadium (V).

Before the start of the study, 4 horses suffered from mild clinical signs, while 4
horses showed moderate signs. Concentrations of Fe, Zn and Ni displayed a sig-
nificant inverse association with the severity of clinical signs (Table 3). After the
4-week autoserum therapy, signs had relieved in 5 horses, remained unchanged
in 2, while in one horse clinical signs had been aggravated. However, the change
in the Fe, Zn or Ni concentrations did not correlate with the alterations in the

clinical signs after therapy.
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Table 3. Correlations (r) between trace element concentrations and clinical signs of the
horses (n = 16) before therapy.

Trace element Signs, r pvalue
Fe —-0.6524 0.0075**
Cu 0.2177 0.4103
Zn -0.5217 0.0397*
Ti 0.0843 0.7546
v -0.2507 0.3433
Cr —-0.2492 0.3491
Mn 0.0959 0.7214
Co -0.3916 0.135
Ni —-0.7542 0.0011**

*Correlation is significant at 0.05 level (two-sided). **Correlation is significant at 0.01
level (two-sided).

4. Discussion

Trace elements are classified by World Health Organization (WHO) as essential,
probably essential or potentially toxic elements [23]. Of these, metabolic influ-
ences of the essential and potentially toxic elements are mostly well known in
humans, whereas biological functions of the probably essential elements are so
far inadequately defined, in both humans and animals [23] [31]. The purpose of
the present study was to analyse trace element profiles in horses with allergic
dermatitis and in their matched healthy controls and to further assess changes
detected in profiles in response to therapy, but not the clinical efficacy of the
therapy per se. Therefore, concentrations of nine trace elements, including both
essential and probably essential elements, were analysed and their possible roles
in this allergic disorder were evaluated.

Concentrations of Zn and Ni were significantly lower in horses with allergic
dermatitis than in their matched healthy controls, whereas concentrations of Fe,
Cu, Ti, V, Cr, Mn or Co did not differ between the groups. In previous studies,
age or gender has exhibited no relation to the healthy horses’ Zn levels in either
the serum [17] [32] [33] or hair samples [34]. Usually, differing Zn concentra-
tions have been associated with environmental factors such as feeding and die-
tary practices in various stables [16] [19] [33], although it has also been demon-
strated that extra Zn supplemented in mineral salts did not significantly affect
horses’ serum levels [32] [35]. In order to avoid these confounding dietary fac-
tors, horses in the present study were matched also according to their feeding
regimen and surroundings. Horses with severe clinical signs may spend less time
for eating and thus show differing serum levels in comparison with healthy ani-
mals. However, none of the eczema horses showed signs that could have been

classified as severe when this study started and horses were otherwise in a nor-
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mal physical condition without signs of emaciation. In addition, owners had not
noticed any changes in eczema horses’ appetite as compared with their controls.
Therefore, it seems unlikely that the feeding habits could explain the detected
differences between the healthy and affected horses.

It is generally accepted that trace element analyses are sensitive processes [36]
[37] [38]. Results are influenced by various factors starting from the sampling
and finally ending in interpretations. In our study, trace elements were analysed
from the sera that were harvested without using centrifugation. Therefore, the
absolute values of distinct concentrations in this study are not necessarily com-
parable to the results of previous studies in which centrifuged samples have been
analysed. Our samples may have contained some blood cells, thus affecting con-
centrations of metal elements such as Zn and Fe that are found abundantly in
the cells [16] [36] [39]. In addition, Zn levels have been shown to grow, when
samples have been stored at room temperature longer than 3 hours [37] that was
the minimum time for harvesting in the present study. In spite of these issues,
serum Zn levels were clearly lower than in the previous study in which concen-
trations in the blood and centrifuged serum of healthy horses were assessed [40].
Above all, our study was designed to analyse the differences between the matched
groups of horses, not to determinate the absolute values of concentrations in
general.

It has been found earlier that in horses with Culicoides hypersensitivity Zn
correlated significantly with the severity of clinical signs, although its plasma le-
vels did not differ between the healthy and affected horses [19]. Similarly, a neg-
ative correlation between the Zn level and clinical signs was shown in our study
in which the grading of clinical signs was virtually comparable with this earlier
study [19]. These findings suggest that serum Zn is inversely linked to the clini-
cal outcome of this allergic disorder.

Zn has a marked impact on functions of mast cells, especially on degranula-
tion, and therefore disturbances in Zn homeostasis are inevitably conveyed to
allergic responses [24]. In addition, Zn has been demonstrated to suppress aller-
gic responses in human cells of atopic subjects by promoting the shift towards T
helper 1 (Th1) cytokines and favouring regulatory T (Treg) cells [41]. Both these
features have been related to the outcome of Culicoides hypersensitivity, healthy
horses responding more commonly with Th1l skewing [5] and being more capa-
ble to enhance Treg cells than horses with insect hypersensitivity [1] [13]. It can
therefore be assumed that Zn plays also a role in allergic skin responses in horses.
The present study showed that Zn concentrations were significantly lower in ec-
zema than in healthy horses and correlated with the severity of clinical signs.
After a 4-week therapy, when clinical signs had relieved in 5 of the affected 8
horses, no significant difference was detected in Zn levels between the groups.
After the therapy, however, a significant relationship could not be found between
the changes in Zn concentrations and clinical status. Interestingly, Zn levels in

both groups were actually lower than at the start of the study. This suggests that
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it is difficult to specify the beneficial or adequate Zn level in this particular dis-
ease since Zn participates in a multitude of signalling cascades, of which some
display even opposing reactions depending on the Zn concentration and existing
milieu [25]. Although Fe correlated significantly with clinical signs before the
therapy, its concentration did not show significant differences between the
groups at any phases of the study. It is well known that iron levels decrease in
the blood during inflammation [42] and this is the most probable explanation
for the inverse relationship between the Fe concentrations and severity of clini-
cal signs.

Our earlier study on serum phospholipids in horses with allergic dermatitis
showed that affected horses displayed significant alterations in their major se-
rum phospholipids as compared with their matched healthy controls [26]. Phos-
pholipids are bioactive molecules that operate in various inflammatory and cell
signalling pathways [43] [44] [45]. After a 4-week autoserum therapy when clin-
ical signs were regressing, concentrations of the differing phospholipids, phos-
phatidylcholine (PC) of glycerophospholipids and sphingomyelin (SM) of sphin-
golipids, were no longer distinguishable from the levels of the healthy horses
[26]. In addition, changes in SM concentrations correlated significantly with al-
terations in the clinical status. Although both sphingolipids [46] and Zn [24]
[41] are involved in allergic responses, a possible link between the serum phos-
pholipids and Zn in horses with allergic dermatitis remains, for the present, ob-
scure.

The significantly higher Ni concentration in the control horses in comparison
with the eczema group at the first sampling and the inverse correlation between
the Ni level and clinical signs were unexpected findings and to our knowledge
have not been demonstrated earlier. Although Ni has been recognised as an es-
sential or probably essential trace element detected in the nucleic acids of ani-
mals and humans, its biological role is still somewhat unclear [23] [47]. On the
one hand, several Ni-dependent enzymes participating in various metabolic reac-
tions have been identified in microbes and plants [31] [47] and on the other
hand, the Ni excess is toxic to living organisms [23] [48]. Because biological
functions of Ni have not yet been widely delineated in horses [32] [49], it was
difficult to interpret the results of the present study. Sufficient amounts of Ni are
usually ingested from the diet and drinking water [32] [50]. In humans, Ni val-
ues have ranged considerably between the subjects living in the same regions,
even though the differences between the regions were not statistically significant
[51]. This trace element is usually associated with its harmful effects such as
contact dermatitis, but its use in arthroplasty and orthodontics as a component
of stainless steel may also predispose to leaching with adverse impacts [38] [52]
[53]. It has been demonstrated that Ni is leaching from orthodontic stainless
steel ligatures when these components are incubated with artificial saliva, and
the release increases over time [52]. Therefore exposure to this material, for ex-

ample by using bits and watering vessels of poor quality, may predispose also
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horses to an excess of Ni. Although blood samples collected from various areas
have shown alterations in horses’ Ni concentrations, no significant differences
have been detected in relation to the diet, environmental conditions or seasons
[32] [49]. Recently, Ni has emerged as a potential doping substance in horses
since it seems to possess similar stimulating effects on erythropoiesis that Co has
[54] [55]. It has been demonstrated that serum levels of Ni increase significantly
in healthy humans after a maximal exercise [56]. In the present study, one of the
healthy horses showed an exceptionally high Ni concentration at the start of the
study. Interestingly, this particular horse has moved restlessly just before the
sampling which was recorded in the notes. At the second sampling, this horse
was calm both before and during the blood sampling and its Ni concentration
was in line with other healthy horses in this study.

It was noteworthy that both Zn and Ni correlated significantly with the sever-
ity of clinical signs and the concentrations were lower in the affected than in
healthy horses at the start of the study, but not afterwards when clinical signs
had become milder. In microorganisms, it has been shown that several Zn-related
metalloenzymes are sensitive to minor amounts of Ni, and it is also suggested
that these trace elements compete for interactions with metalloenzymes [48].
Whether Ni is somehow coupled to Zn in allergic dermatitis of horses remains
to be assessed in further studies.

Concentrations of Ti seemed to be particularly constant both between the
horses and over time. So far, Ti is classified as a non-toxic element, since its bio-
logical role is still unclear [57] [58]. Ti accesses the body via food, but in humans
it is accumulated also from cosmetics, paints and prostheses [57] [58]. Its serum
levels have not been widely assessed either in horses or in humans [58] [59].
Minute amounts of Ti have been identified in the hair of healthy horses [59]. In
the present study, however, considerable amounts of Ti were detected from the
serum. As compared with the levels demonstrated in humans [56], concentra-
tions in the horses were about five times as high as the concentrations detected
in human serum. Transferrin, usually known as a transporter of iron, is sug-
gested to participate also in trafficking of Ti [58]. With a synergistic action of ci-
trate, transferrin regulates Ti metabolism between cells and the circulation [58].
In addition, Ti has been found in erythrocytes of cancer patients and also in
neutrophils of patients with leukaemia, but not in blood cells of healthy controls
[60] [61]. In cancer cells, it is suggested to have a role as a scavenger by deacti-
vating intracellular hydrogen peroxide [60]. Even though Ti did not seem to be
related to this allergic dermatitis of horses, its exceptionally unchangeable level
in the sera pays attention to its actual function in the horse.

In conclusion, horses with allergic dermatitis show an altered trace element
profile in their sera as compared with matched healthy controls. Concentrations
of the different trace elements, Zn and Ni, seem to inversely correlate with the
clinical signs of horses. Even though the findings suggest an interaction between

these trace elements and clinical outcome, further studies, especially on the role
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of Nij, are needed to elucidate factors on the background of this harmful disease.
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