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Thermoregulatory responses and blood parameters of locally
adapted ewes under natural weather conditions of Brazilian
semiarid region

Respostas termorregulatorias e parametros sanguineos de ovelhas
nativas brasileiras criadas na regiao semiarida brasileira
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Abstract

The effect of the natural weather conditions on respiratory rate, rectal temperature and hematologic
parameters such as glucose, total cholesterol, triacylglycerol, total protein, albumin, globulin, red blood
cells, microhematocrit, mean corpuscular volume, serum triiodothyronine (T,) and thyroxine (T,) levels
was evaluated in red (RMN) and white (WMN) coat colored Morada Nova ewes, of different class of body
condition score (CBCS), during the dry (from july to december) and wet (from january to june) seasons,
which exhibited different (P<0.05) air temperature, relative humidity and radiant thermal load averages.
Tukey’s test was used and the difference considered was to P<0.05. Significant greater averages of
respiratory rate were observed in the dry period compared to the rainy period (42.26+8.96 and 36.89+8.20
breaths min’', respectively), mainly in the RMN (45.54+8.23 breaths min') compared with the WMN
(39.27+8.57 breaths min™'). No differences were observed in rectal temperature measurements between
the dry and the wet periods (38.59+0.58 and 38.60+0.56 °C, respectively), but the WMN had higher
values than the RMN (38.77+0.54 and 38.40+0.54 °C, respectively). The glucose and total cholesterol
were higher in the wet season, with no variation due to breed variety and CBCS. The triacylglycerol
did not change between breed varieties and seasons. The albumin was similar between varieties and in
different seasons, being different in CBCS. Total protein and globulin serum were higher during the
wet season, but total protein was higher and globulin was lower in better CBCS. T, and T, levels were
higher in the rainy season (0.25+0.07 and 6.74+11.37 ug dL", for T, and T, respectively) than in the
dry season (0.18+0.08 and 6.31+1.64 pg dL", for T, and T, respectively). The red blood cells showed
no difference, but microhematocrit was higher in WMN and in the better CBCS and mean corpuscular
volume was higher in the dry season. The concentration of T, was lower in the RMN than in the WMN
(0.19+0.07 and 0.24+0.08 pg dL™, respectively), while T, did not differ between them (6.53+1.51 and
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6.52+1.46 pg dL', respectively). The Morada Nova sheep showed positive physiological responses to
the heat stress, notably an increase of respiratory rate and a reduction of T, and T, levels. All another
hematologic parameters analyzed were within the normal range for all sheep, indicating a good ability
to cope with the climatic changes of the Brazilian semiarid region. Both varieties were heat tolerant, but
the red variety required major adjustments to maintain homeothermy.

Key words: Adaptation, blood metabolites, blood parameters, sheep, thermoregulatory responses,

thyroid hormones

Resumo

Neste estudo foram avaliados os efeitos da época do ano nas caracteristicas fisiologicas de frequéncia
respiratoria e temperatura retal e nos parametros hematologicos glicose, colesterol total, triglicerideos,
proteinas totais, albumina, globulina, contagem total de hemacias, hematdcrito, volume corpuscular
medio, triiodotironina (T,) e tiroxina (T,) em ovelhas da raga Morada Nova das variedades vermelha
(RMN) e branca (WMN), de diferentes classes de escore corporal (CBCS), durante os periodos seco
(de julho a dezembro) e chuvoso (de janeiro a junho), assim caracterizados por exibirem diferencas
estatisticas (P<0,05) na temperatura do ar, umidade relativa e carga térmica radiante. Na andlise
estatistica foi usado o teste de Tukey a 5% de probabilidade (P<0,05). Diferengas significativas foram
encontradas na frequéncia respiratdria durante os periodos seco e chuvoso, sendo maior na variedade
vermelha do que na branca. Nao foram verificadas diferenca na temperatura retal dos animais entre os
periodos seco e chuvoso, mas a variedade vermelha apresentou maiores médias desta variavel. A glicose
e o colesterol total sérico foram maiores no periodo chuvoso, ndo apresentando diferenca significativa
entre as variedades nem entre animais de diferentes condi¢des corporais. A dosagem sanguinea de
triglicerideos nao foi diferente para nenhuma das fontes de variagdo. A albumina foi estatisticamente
semelhante entre as variedades da raga e durante os periodos seco e chuvoso do ano, apresentando
diferenca somente em relagdo a condicao corporal dos animais CBCS. A dosagem sérica de proteina
total e globulina foram maiores durante o inverno, mas a proteina total foi maior ¢ a globulina foi
menor em animais com melhor CBCS. Os niveis séricos de T, e T, foram maiores no periodo chuvoso
do que no seco e a concentracdo de T, nas ovelhas de pelagem vermelha, enquanto T, ndo diferiu entre
as variedades. A contagem total de hemacias foi semelhante, mas o microhematdcrito foi maior nos
animais da variedade vermelha e em animais de melhor CBCS, e o volume corpuscular médio foi maior
no periodo seco. Concluiu-se que as ovelhas Morada Nova apresentaram respostas fisioldgicas positivas
ao estresse calorico, notadamente no aumento da frequéncia respiratéria e redug@o dos niveis séricos de
T, e T,. Todos os outros pardmetros sanguineos analisados estavam dentro dos pardmetros normais para
a espécie, indicando uma excelente capacidade adaptativa das ovelhas Morada Nova a regido semiarida
brasileira, sendo ambas tolerantes ao estresse calorico, mas a variedade vermelha necessitou realizar

maiores ajustes para manter a homeotermia.

Palavras-chave: Adaptabilidade, hormonios tireoidianos, metabolitos sanguineos, ovinos, respostas

fisiologicas

Introduction

The adjustment between the animal and the
environment is decisive for the success of animal
performance, and it can be reached through the
selection of breeds that have developed adaptive
mechanisms to cope with specific environmental
inputs. Heat tolerance is an important trait for deciding
on which genetic resource to adopt in production
systems in tropical regions (SILVA, 2008).

Sheep are strict homeotherms, i. e. animals
strive to maintain their body temperature within
a fairly narrow range, even under adverse
conditions. However, the adoption of extensive
to  maintain

thermoregulatory ~ mechanisms

homeothermy, can have negative effects on
many organ functions, expressed by negative
reproductive and productive performances. Failures

in the adaptive and homeostatic processes are
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first indicated by physiological responses, such
as changes in body temperature, metabolism and
calorigenic hormones. The biological changes as
a result of thermoregulation include a decrease
in feed and water intake and utilization, the body
fluid balance, the acid-base equilibrium, blood
biochemical and hematological profile (OCAK et
al., 2009; BRAUN et al., 2010; FADARE et al.,
2012).

According to McManus et al. (2011), respiratory
rate and rectal temperature (RT) are the most common
traits observed for adaptability and heat tolerance
evaluation in hot weather, because they are related
to the most common mechanisms of heat exchange
between the animals and the environment. RT vary
between 38.3 and 39.0°C under thermoneutral
conditions. Outside of the thermoneutral zone,
animals must enable thermolysis mechanisms.
However, when these mechanisms fail, the RT
increases, leading to hyperthermia (MARAI et al.,
2007). In fact, animals have different ways to control
internal temperature; in ruminants, especially those
raised under field conditions in tropical areas, the
respiratory and cutaneous thermolysis are the only
way to dissipate heat when the air temperature
exceeds the body surface temperature (SILVA et al.,
2010).

However, recent studies showed that other

physiological parameters, such as circulating
concentrations of thyroid hormones can change
depending on the environmental conditions
(VERISSIMO et al., 2009; MAURYA et al., 2010;
KOLUMAN; DASKIRAN, 2011). These hormones
are directly involved with metabolic rate regulation
and obligatory thermogenesis, thus they have an
essential role in thermoregulation and homeothermy.
Koluman and Daskiran (2011) observed a reduction
in the serum concentrations of thyroid hormones
in sheep exposed to high temperatures, maybe
to reduce the basal metabolic rate and avoiding
an increase in endogenous heat production. The

variation in concentrations of thyroid hormones

can be high, and genetic factors may cause different
responses, influencing the degree of adaptability to
climatic stressors. For that reason, the study of RR
and RT associated with T, and T, concentrations
may highlight thermoregulatory processes in
tropical environments.

The results of Helal et al. (2010) suggest that
blood metabolites may be used as heat stress
indicators. These authors reported that desert goats
exposed to heat stress increased the total plasma
protein, albumin, and globulin concentrations
and decreased plasma volume, urea, cholesterol,
triglyceride and glucose concentrations. The plasma
concentrations of T, and T, decreased, perhaps due
to the effect of heat on the hypothalamic pituitary
axis, reducing thyrotropin releasing hormone which

enabled the animal to reduce basal metabolism.

Morada Nova sheep is the only locally adapted
breed Brazil, developed from unplanned crosses
for over 500 years of European animals, exposed
chronically to high levels of solar radiation, under
environmental conditions in the Northeastern
of Brazil. These animals were never within the
thermoneutral zone referenced in the literature, and
possibly for that reason, acquired morphological
and physiological adaptations to cope efficiently
with continuous heat stress. The breed can be
further classified into two varieties: the White
Morada Nova (WMN) and the Red Morada Nova
(RMN), both used in extensive production systems
(FACO et al., 2008). However, there is few
information about the heat tolerance of these two
groups, including during the critical dry season of
the year.

The thermoneutral zone for this breed is
yet unknown and we believe that it is different
of that obtained using woolled sheep. For
that reason, it is important to highlight the
mechanisms used by these animals to reach
thermal equilibrium under the real combination
of weather factors. Considering the need of
models to predict thermoregulation of livestock
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in natural environments, the goal of this work
was to evaluate the variation of thermoregulatory
responses and adaptive indicators, such as thyroid
hormones, blood metabolites and hematological
parameters of two different varieties of Morada
Nova breed in a semi-arid region, during the dry
and wet seasons.

Materials and Methods

This research was conducted in a commercial
farm located in a Brazilian semi-arid ecosystem at
07°17° 58 S, 35°28°43” W and 117 M.AS.L. It is
important clarify that the low latitude regions are
characterized by high air temperatures and levels
of solar radiation during all the year (SILVA et al.,
2010). The mean environmental temperature varies
from 25 °C to 35 °C, and the relative air humidity
is approximately 70%. The mean rainfall varies
from 300 to 1000 mm by year, and is normally
concentrated from january to may (AESA, 2011).

Sixty adult Morada Nova ewes were utilized,
30 of the white variety (WMN) and 30 of the red
variety (RMN). The animals analyzed during the
trial were always the same, and were previously
subjected to a clinical examination, to confirm that
the physiological, hematological and endocrine
responses were not modified due to any pathological
processes. They were maintained during all the
time of day in an extensive production system,
in a typical Caatinga Bioma, a high biodiversity
savannah, where these animals were kept grazing
in a multispecies area, in native pasture, composed
basically of Leucaena leucocephala, Mimosa
Clitoria
Cynodon dactylon,

tenuiflora, Mimosa  caesalpinifolia,

Ternatea, Cratylia molis,
Andropogon gayanus. They received mineral mix
but no energy or protein supplementation, once
daily, according to the feed management of the
farm, as our propose was to evaluate the adaptative
responses as well as the performance of the animals

submitted to the local conditions.

Physiologic data were collected during one
year, once a month, from 7:00 AM to 10:00
AM. To minimize the effect of sampling on
thermoregulatory responses of different colored
animals, they were always managed in three groups
of 20 females, ten white and ten red, randomly
chosen. On each sampling day, ewes were housed
together. First, the respiratory rate was determined
using a stethoscope and then, the rectal temperature
was registered using a clinical thermometer.

In the same days, blood samples were collected
by venipuncture in the jugular vein, using three
types of tubes: without anticoagulant, to get serum
for hormonal analysis, with anticoagulant, to get
plasma for hematological and biochemical analyses,
and with fluorite, to analyze the blood glucose levels.
The samples were centrifuged at 5000 rpm/five
minutes, and the serum or plasma was maintained
in a freezer at -20°C for posterior hormonal and
biochemical analysis. The hematological analyses
and the glucose levels were determined in the same
day of sampling.

Hormonal serum concentrations were determined
using commercial kits of triiodothyronine (T,)
0.05ng dL') and thyroxine (T,)
(sensibility = 0.5ug dL'), in an automatic Elisa

(sensibility =

device (Elysis Uno®, Human®). The biochemical
parameters concentrations analyzed were total
cholesterol (Chol), triglyceride (Tri), glucose
(Glu), total protein (TP), albumin (Alb) and
globulin (Glo), all determined in a semi-automatic
device for biochemical analysis (CELM SBA -
200®). The hematologic traits were measured in
blood samples collected in bottles with ethylene-
diamine-tetra-acetic acid (EDTA). The red blood
cells counts (RBC) were performed visually in a
Neubauer chamber, using an optical microscopy.
The microhematocrit (Mh) was determined by the
microhematocrit method. The Corpuscular Mean
Volume (CMV) was calculated as follows: CMV =
Ht (He 100mL! of blood), as pointed out by Kaneko
et al. (2008).
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Body Condition Score (BCS) was monitored
on each data collection day, to evaluate the annual
variations of nutritional status and its correlation
with blood metabolites. Visual method scoring
was employed, whereby ewes were scored on a
scale from 1 (very thin) to 5 (very fat), according
to Machado et al. (2008). For effects of statistical
analysis, the BCS was grouped into three classes of
Body Condition Score (CBCS): CBCS 1 (low BCS,
less than 2.25), CBCS 2 (medium BCS, from 2.5 to
3.5) and CBCS 3 (high BCS, from 3.75 to 5).

The meteorological data were obtained from a
weather station installed in the same local occupied
by the animals. During the wet season, from january
to june, and the dry season, from july to december,
the air temperature, air humidity, wind speed and
black globe temperature were registered, and the
Black Globe Humidity Index (BGHI) and Radiant
Heat Load (RHL) were used as environmental heat
stress indices as suggested by Silva (2008).

The data were analyzed by the least-squares

method (SAS, 2010),
measurement design,

adopting a repeated
following the technical
program pointed by Faganha et al. (2010). The
linear model used was: Yijk =p+V+ SJ. + VSij +
CBCS, + € where: Yijk = the parameter of interest;
u = overall mean for the parameter of interest; V, =
fixed effect of variety (white or red); S, = effect of
season during collection; VSij = interaction effect of
variety and season; CBCS, = effect of class of body
condition score; €y~ Random error.

Results

The results from Table 1 indicate differences
between dry and wet seasons for almost all
meteorological traits, except for the Black Globe
Humidity Index (BGHI) and wind speed. The BGHI
and the Radiant Heat Load (RHL) were always
high, confirming the chronic stressful environment,
according to Silva et al. (2010). The average wind
speed were low throughout the year (VAREJAO-
SILVA, 2001).

Table 1. Means =+ standard deviation for Air Temperature (AT), Relative Humidity (RH), Wind Speed (WS), Black
Globe Humidity Index (BGHI) and Radiant Heat Load (RHL). Mogeiro, PB, BR, 2011.

Season AT(°C) RH (%) WS (ms') BGHI RHL (W m2")
Dry 32.1°£1.68 49.4° +6.41 1.51.07 84.546.00 502.9"+97.85
Wet 28.4°42.05 79.0°+7.20 1.6+0.96 82.143.12 583.6£54.32

*> Means within column, are significantly different (P<0.05). Source: author data.

The Table 2 shows that the ewes exhibited
normal values for RT and RR, which are compatible
with low stress responses: RR lower than 60 breaths
min’!, and RT less than 40.5°C, as reported by Silva
(2008). The study also indicated higher RR values
among the ewes of RMN type, when compared to
those of WMN type, while no significant differences
were observed during the rainy season.

The serum concentrations of triiodothyronine
(T,) and thyroxine (T,) were lower in the dry
season in the red animals, but no variations were
observed in different BCS in both varieties (Table
3). During the rainy season, the variation of T,
concentrations in red variety ewes was higher than
in white ewes.
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Table 2. Means + standard deviation for Respiratory Rate (RR) and Rectal Temperature (RT) of Red (RMN) and
White (WMN) Morada Nova ewes, according to the seasons and the class of body condition score (CBCS). Mogeiro,
PB, BR, 2011.

Variable Sheep type Dry Season Wet Season Mean
RMN (n=30) 45.54°+£8.23 38.49+7.34 42.23°+8.57
RR (breaths min™) WMN (n=30) 39.27°+8.57 35.41+8.68 37.47°+8.20
Mean 42.26+8.96 36.89%+8.20 39.754+9.02
RMN (n=30) 38.41°+0.56 38.39°+0.52 38.40°+0.54
RT (°C) WMN (n=30) 38.76*+0.56 38.79*+0.52 38.77*+0.54
Mean 38.59+0.58 38.60+0.56 38.59+0.57
CBCS 1(1.5t02.5) 2 (2.75t03.5) 3(3.75t0 5.0)
RT (°C) 38.45+0.63 38.605+0.57 38.814+0.33
RR (breaths min™) 38.1749.54 40.32+8.79 39.57 £9.00

AB Means within row, are significantly different (P<0.05); *® Means within column, are significantly different (P<0.05).

Table 3. Means =+ standard deviation for serum concentrations of thyroid hormones in Red (RMN, n=30) and White
(WMN, n=30) types of Morada Nova ewes, of different class of body condition scores (CBCS), in different seasons.
Mogeiro, PB, BR, 2011.

Season Class of Body Condition Score (CBCS) General
Dry Wet 1 2 3 Mean
T, RMN  0.15%5+£0.07  0.23*4+£0.06  0.15°+0.09 0.15°+0.09 0.16°+0.08 0.19°+0.07
(ngdL')  WMN  0.21%8£0.08 0.26*+0.08  0.24+0.08 0.26°+0.10 0.25*+0.08 0.24* £ 0.08
T, RMN  6.31%5£1.66  6.76*+1.39  6.51+1.41 6.53+1.46 6.55+£1.29 6.53 £1.51
(ugdL")  WMN  6.30"™£1.62  6.72*+1.34  6.50+1.33 6.52£138  6.53+1.57  6.52+1.46

T, = triiodothyronine; T, _thyroxine; BCS 1=1.5-2.5;BCS 2=2.75-3.5; BCS 3 =3.75-5.0. > Means within column, are significantly
different (P<0.05). Source: author data.

The changes in the biological functions of sheep  Chol, TP and Glo.
due to exposure to heat stress include disturbance
in and blood metabolites (MARALI et al., 2007),

however, in Table 4 can be seen that both varieties

The total count of red blood cells (RBC) did
not differ (P>0.05) with established sources of
variation. The determination of microhematocrit
(Mh) was higher (P<0.05) in RMN and in the
animals with greater CBCS, but did not differ
between seasons. The mean corpuscular volume
(MCV) was higher in the dry season (P<0.05), but
no difference with other sources of variation.

exhibited similar levels of protein and energetic
metabolites.

The serum concentrations of TP did not differ
between the RMN and WMN varieties and are
considered normal when compared with the
reference values of 6.0 to 7.9 g dL!, described by

i These findings can be explained for the greater
Kaneko et al. (2008). In the rainy season, there

feed intake associated to the better roughage quality
found in the native pastures during the rainy season
and this certainly contributed to the better energy
and protein balance.

was an increase in TP, maybe due to an increased
globulinemy. On the other hand, during the wet
season, were observed superior levels of Glu,

4594
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Table 4. Means + standard deviation for serum glucose (Glu), total cholesterol (Chol), triglycerides (Tri), total protein
(TP), albumin (Alb) and globulin (Glo), total red cell counts (Er), Hematocrit (Mh) mean corpuscular volume (MCV)
of red Morada Nova (RMN; n=30) and white (WMN; n=30) ewes, of different class of body condition scores (CBCS),

in the dry and wet seasons. Mogeiro, PB, BR, 2011.

Source of Variation Glu (mg dL") Chol (mg dL) Tri (mg dL)
Dry season 45.33*+11.96 47.34+10.43 26.96+7.87
Wet season 53.77°£11.52 55.25%+8.81 25.55+6.46

RMN 47.88+12.47 49.80+11.03 26.52+7.34
WMN 50.57+12.37 52.09+9.83 26.11+7.21
BCS1 47.90+14.53 49.84+15.64 27.18+7.32
BCS2 48.13+£14.82 50.63+13.41 25.97+8.61
BCS3 50.62+13.62 52.49+9.69 25.73+8.31

Source of Variation TP(gdL") Alb (g dL") Glo (g dL?Y)
Dry season 5.93%+0.66 3.05+0.37 2.88*+0.59
Wet season 6.48°+£0.55 3.12+0.35 3.36°+0.51

RMN 6.13+0.69 3.09+£0.36 3.04+0.60
WMN 6.24+0.64 3.08+0.37 3.16+0.59
CBCS1 6.05°+0.61 2.90°+£0.39 3.15°+0.59
CBCS2 6.20°+0.73 3.18+0.34 3.02+0.62
CBCS3 6.28+£0.53 3.28%+0.34 3.00°+0.57

Source of Variation Ere (10°mm*©Y) Mh (%) VCM ()
Dry season 8.60£1.96 33.56+6.41 38.74°+8.12
Wet season 9.20+2.14 31.28+4.63 33.99°+7.37

RMN 9.39+2.14 34.15*+5.71 36.37+9.17
WMN 8.48+1.90 30.97°+5.37 36.51+8.78
CBCSI1 8.28+2.02 29.60°+5.45 35.75+7.12
CBCS2 9.0242.03 33.13*+5.63 36.72+8.83
CBCS3 9.46+2.05 34.10°+£5.30 36.04+12.09

*b Means within column, are significantly different (P<0.05). Source: author data.

Discussion

The AT was always outside of the environmental
comfort zone for sheep, of 24°C to 27°C, reported
by Dickson (2006). In the Northeastern of Brazil,
during the hottest season approximately 65% of
the total short-wave radiation is due to direct solar
exposition. In these cases, the evaporative losses are
the only efficient way for heat exchange (SILVA et
al., 2010). However, in the rainy season, the high
RH associated with the high AT certainly reduces
evaporative losses. The low wind speeds registered
during the trial can make the thermal environment
more stressful, because a good air circulation is
important to promote heat loss by convection and also

to increase cutaneous evaporation in an environment
with a high incidence of solar radiation. It has been
observed that the difference of 4 °C between the dry
and the wet seasons, which normally occurs in the
Brazilian semi-arid region, can cause differences
in thermoregulatory responses (MCMANUS et al.,
2009; SILVA et al., 2010; GARIGLIO et al., 2010).

The elevated RHL averages confirmed the
stressful situation, also during the dry period, which
can increase heat absorption, leading to a rise of
thermolysis mechanisms and as a consequence,
the performance of less adapted animals may drop.
Despite the elevated RHL, during the dry season the
low RH could favors evaporative heat exchanges,
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thereby causing less stress in the animals and
improving the performance. The observations are
in accordance with the findings of Facanha et al.
(2010).

The higher RR in the red ewes can be explained
by the large amount of solar radiation absorbed due
to dark color. The observations are similar to those
observed by Faganhaetal. (2010). Moreover, animals
raised in extensive systems are directly exposed to
short-wave solar radiation. It can be concluded that
RMN type exhibited a major necessity to increase
respiratory thermolysis with the aim of maintaining
homeothermy. McManus et al. (2009) observed a
similar behavior in Santa Ines sheep, with lower
RR exhibited by white animals when compared
with brown and black animals or Bergamasca breed
of sheep. The observations are also in accordance
with the findings of Fadare et al. (2012), who
observed that sheep with black coat showed the
highest means of RT and RR than white ones. In
the present study, the white ewes exhibited a higher
RT, however, it does not mean that these animals
absorbed more radiation. Despite of the statistical
difference (P<0.05) in RT between varieties, is very
important emphasize, that both varieties presented
normal RT, in all seasons evaluated. The red ewes
probably had lower RT as a result of the increased
activation of respiratory thermolysis. These findings
suggest that both varieties are adapted, and even the
greater warmth that occurred in red ewes was offset
by the efficient utilization of the thermoregulatory
mechanisms by this breed.

The heat stress can be characterized by an
increase in RR, on this account, about 60% of the
total heat loss can be observed by respiratory via
at ambient temperatures above 35°C (MARAI et
al., 2007). In this study the RMN had to enable
respiratory thermolysis during the dry season
because of the greater amount of radiation and the
excessive warmth of the animals. The RT was similar
between the seasons, however, the red animals
presented lower average RT in the dry season. The
weather conditions during the dry season were

stressful, nevertheless the RT was always within
the physiological range. Anderson and Jonasson
(2006) affirmed that the RT exceeds the normal
values when the environmental temperature is over
32°C, but even in this case, the animals maintained
homeothermy.

The CBCS did not influence the RR, but it
promoted an alteration in the RT. This can be related
to the increased metabolic rate, with a consequent
increase in endogenous heat production. Sejian et
al. (2009) observed that sheep with a body condition
score (BCS) of 2.5 presented lower RR than animals
with a BCS between 3.0 and 3.5 and 4.0, these last
two being statistically similar.

The elevation of the RR coincided with the
increase of the AT, confirming that the weather
data from the hottest and driest periods was
incremental to the RR to maintain homeothermy,
as also reported by Sejian et al. (2010). However,
the low correlation coefficient confirmed that even
in stressful climatic conditions, the Morada Nova
ewes could maintain homeothermy, demonstrating
their adaptability to hot environments. It was
observed that respiratory thermolysis was made
difficult by the high humidity (RH) during the
rainy season. The correlation coefficient between
RR and RH (r=-0.26) confirmed that in the months
with high RH and AT the respiratory heat losses
were lowest. In the present study the Morada Nova
sheep utilized efficiently the RR to dissipate body
heat, confirmed by the normal RT. Therefore, it is
a mistake to consider the RT and RR separately as
heat stress indicators. These parameters must be
considered along with metabolic, endocrine and
other homeostatic responses.

The mean values of thyroid hormones were
always into the normal range, reported by Dias et
al. (2004), who established normal values of T,
between 0.09 and 0.23ug dL-!. During the dry period
there was a drop in the concentration of T,, and in
Northeastern region of Brazil it normally coincides
with the food scarcity period, which can causes
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lower inputs of nutrients, specially energy. Todini
(2007) reported higher T, concentration in goats fed
with high energy diets and these findings highlight
the relationships between thyroid activity and
energy balance, confirming that thyroid hormones
represent a relevant metabolic index.

During the dry period the levels of solar
radiation are greater and it’s absorption through
the skin surface can causes an increase of heat
stock and as a consequence the body temperature
is elevated. According to Todini (2007) the major
exogenous regulator of thyroid gland activity
is the environmental temperature, so an inverse
relationship between ambient temperature and blood
T, and T, concentrations can be expected in sheep
under hot weather conditions. Lower serum levels
of T, in hot environments can be expected due to the
decisive role of T, and T, in thermogenesis, energy
and proteins metabolism, as well as in metabolic
responses of the animals to different nutritional and
environmental changes (KOLUMAN; DASKIRAN,
2011). The fall in T, concentrations was greater in
red ewes, compared with the white colored ones
maybe can be due to the higher absorption of solar
radiation.

The T, serum concentration indicated that the
both varieties were able to maintain normal thyroid
activity, in agreement to Dias et al. (2004) who
found normal serum concentrations of T, about
3.8 and 7.7pg dL'. These means of T, could not
be considered high, because the animals did not
present symptoms of hyperthyroidism, such as
muscle weakness and circulatory insufficiency,
which prompts the duplicate need of oxygen and
other nutrients to maintain metabolic activity
(DICKSON, 2006), damages not found in this study.

Both varieties of Morada Nova ewes showed
a similar T, plasma concentrations, despite of
the higher amount of environmental radiation, as
indicated by high Black Globe Humidity Index
(BGHI) and Radiant Heat Load (RHL), probably
absorbed by the red ones, because dark color of

skin. The strategies utilized for the animals to
maintain homeothermy, in addition to increased
RR, is normally a decrease of thyroid hormones
secretion, with a consequent drop of metabolic rate
and endogenous heat production, however in the
present paper, it wasn’t found. These characteristics
can confirm high adaptability to hot environments,
and it can play an important role in physiological
activities related to health, reproductive and
productive patterns. Amajor T, plasma concentration
was registered during the rainy season, probably as
a way to face the increased availability of food, as
pointed by Todini (2007).

The biological power of T, is superior to T,
and approximately 30% of free T, is converted to
T, in the cells of the peripheral tissues (DICKSON,
2006). The decrease of T, during the dry season,
leads to a greater conversion of T, to T, with the aim
of maintaining the metabolic activities (MORAIS
et al., 2008). Therefore, it can be suggested that
there were no increase in T, secretion during the
dry season but a greater conversion of T, to T, in
the wet season, thus causing this difference. The
similar concentrations of T, and T, observed in the
three classes of BCS can partly explain the elevated
productive and reproductive efficiency of Morada
Nova ewes. Maurya et al. (2010) observed that
serum concentrations of thyroid hormones were
higher in animals with better BCS. The authors
concluded that the reproductive efficiency was
directly related to the high T, and T, concentrations.

Ocak et al. (2009), the
adjustments in biological functions as a reflection

As pointed by

of thermoregulation, including a reduction in feed
and water intake and utilization, energy and mineral
balance, decreased metabolic rate and changes
blood biochemical parameters and haematological
profile, body fluid balance, acid-basic equilibrium,
hormonal secretions and enzymatic reactions related
to anabolic and catabolic ways.

Related to hematological parameters, the values
for RBC counts were normal and similar between
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the white and red varieties, as described Kaneko et
al. (2008). This similarity was important to confirm
the good adaptability to the Brazilian semi-arid
region, because the normal RBC count was observed
in nearly every month and it characterizes sufficient
supply of oxygen to all body cells, providing suitable
conditions for development. McManus et al. (2009)
studying in Santa Ines, Bergasmasca and Santa Ines
versus Bergamasca sheep, did not find differences
in the He between native breeds (10.9, 10.7 and
10.5x10% mm3‘Y for black, white and brown Santa
Ines sheep, respectively) and crosses (11.6 x10°
mm*“V), but observed lower values for Bergamasca
sheep (8.5x10° mm3tY),

The RBC count and MCV were similar (P>0.05)
between the white and red varieties (8.48 and 9.39
10 mm?® ©Y, 36.51 and 36.37 fl respectively) and
according Silveira (1988), they had normal values
(8 to 16 10° mm? D 23 to 48 fl, respectively).

Soysal et al. (2011) did not observe significant
differences (P>0.05) in the number of RBC count
between Merino and Kivirck breed sheep, raised in
Turkey (13.8 and 14.7 10° mm? Y, respectively).
These researchers suggest have consistent results
that confirm similar values even in different races,
provided that the animals are adapted to local
conditions.

The Mh means were higher in red ewes, and in
those with a better CBCS. A monthly evaluation of
Ht confirmed the highest values for the red variety
and revealed that equality observed between
dry and wet periods was due, primarily to the
high values obtained the first month of the rainy
season in this study, which could causes water
restriction and consequent hemoconcentration, as
emphasized by McManus et al. (2011). During the
wet season there was a greater uniformity of Ht,
probably due to greater availability of food and
water.

These results showed that even in thermal
stressful situations both RMN and WMN were
able to maintain homeostasis, indicated by the

homeothermy, normal serum thyroid hormones
and normal blood biochemistry and hematology. It
can improve the health and, as a consequence, the
performance of the animals. These findings confirm
that Morada Nova breed can be recommended
for meat production systems in hot regions due to
their thermotolerance; nevertheless, it is essential
to provide shadow with the goal of reducing the
overheating of dark animals and to prevent damage
to the epidermis of white colored sheep that may be
de-pigmented.

Conclusions

The Morada Nova ewes presented respiratory
rate and rectal temperature within the normal
range, considered a good adaptation indexes. The
red variety showed an increase of the respiratory
activity during the hot and dry period, as a reaction
to an excessive environmental heat.

Despite of the normal serum concentrations of
thyroxine and triiodothyronine, a thyroid response
to increased heat load was observed with the
reduction of hormonal concentrations during the
hottest season.

The serum biochemical and hematological
concentrations were mostly within normal levels,
with practically no differences between the varieties
and in different classes of body condition scores,
but in the wet season, normally were greater.

These findings suggests that the values obtained
in the present study can be used as a pattern for
Morada Nova sheep under similar environmental
conditions. Nevertheless, the blood parameters
reflect the adaptability of Morada Nova sheep to the
Brazilian semi-arid region.
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