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ABSTRACT - The objective of this study was to explore the impact of thermal stress on hormonal level and antioxidant
activity in goats during various phases of the estrous cycle in the Egyptian summer. Forty cycling does were allocated to
two groups (20 animals each) divided by season (mild/hot). Daily meteorological, rectal temperature, and respiratory rate
data were recorded in the two seasons. The estrous cycle of the goats was synchronized by two intramuscular injections of 5 mg
of prostaglandin F2a (PGF2a) at 11-day intervals. Blood samples were collected every two days and the levels of total
antioxidant, malondialdehyde, and B-carotene were estimated. Total protein, albumin, cholesterol, triglycerides, progesterone,
and thyroxine (T,) hormones were additionally measured in the serum of the collected samples. Under hot circumstances, both
rectal temperature and respiratory rate increased considerably, with significant variation during the different stages of the estrous
cycle. On the other hand, serum level of total protein, albumin, cholesterol, and triglycerides reduced significantly in animals in
the hot environment, particularly during the luteal period of the estrous cycle (IV). During the Egyptian hot summer, the serum
level of progesterone and T, hormones declined in phases I and IV of the estrous cycle for progesterone and T,, respectively.
Moreover, the serum content of all oxidative stress markers tested (total antioxidant, B-carotene, and malondialdehyde)
decreased considerably, especially in estrous cycle phase II in the hot environment. The Egyptian environmental conditions
have detrimental effects on some antioxidant agents and some biochemical parameters throughout the estrous cycle of goats.
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Introduction

Oxidative stress is an imbalance between radical-
generating and radical-scavenging activities resulting from
increased production of pro-oxidants and/or a decrease in
antioxidant defense (Bernabucci et al., 2002). Reactive
oxygen metabolites (ROM) are free radicals of an organism
that constitute approximately 1-2% of the body and have
essential functions such as protein phosphorylation, cell
maturation, apoptosis, oocyte maturation, steroidogenesis,
cell immunity, ovulation, implantation, blastocyst formation,
luteolysis, acrosome reactions, fertilization, and luteal
maintenance during pregnancy (Celi et al., 2012). However,
their levels increase at certain pathological conditions,
which can also cause damage of biological macromolecules
and disrupt typical metabolism and physiology (Trevisan
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et al., 2001). During heat stress, particularly in tropical
regions, rapid production of free radicals and ROS and/or a
reduced antioxidant mechanism result in the production of
oxidative stress, which affects numerous biological features
of livestock (Sordillo and Aitken, 2009; Celi, 2011).
The Egyptian summer is exceptionally sweltering, with
recorded temperatures between 30-40 °C around noon, high
humidity near coastal regions, and extreme dryness in the
desert (Marai et al., 2007). This climatic circumstance has
a diminishing impact on both productive and reproductive
efficiency of livestock (Jordan, 2003).

Goats are one of the oldest domesticated species,
considered living species greatly adaptable to the hot and
arid regions of the world (Hooda and Upadhyay, 2014).
As a result of heat stress, hyperthermia will develop,
negatively influencing the physiological performance of
livestock, especially throughout the estrous cycle, and
having economic impacts on the livestock industry (Monty
and Wolff, 1974; Wolff and Monty, 1974). The estrous
cycle of a female goat lasts about 21 days. The cycle is
characterized by four phases or periods: estrus or heat period
(phase I, 12-48 h); metestrus period (phase II, two days);
diestrus period (phase III, 19 days); and proestrus period
(phase 1V, three days) (Jarosz et al., 1971). The estrous



cycle is associated with various metabolic and hormonal
variations in farm animals (Browne et al., 2008). The
relationship between production of reactive oxygen species
(ROS) in heat-stressed animals during the estrous cycle and
their impact on the performance of these animals is still
deficiently considered. Consequently, better understanding
of such effects in heat-stressed farm animals can help to
improve the overall performance of these animals in a hot
environment regarding physiology and reproduction. For
instance, oxidative stress can be reduced by providing
antioxidant nutrients as well as limiting the impacts of
substances that create ROS (Miller et al., 1993). On these
bases, the present study was designed to investigate the
impact of heat stress on the level of some physiological
and biochemical parameters, including antioxidant activity,
in goats during the estrous cycle under Egyptian summer
conditions.

Material and Methods

Forty healthy native non-lactating female crossbred
(Zaraibi x Baladi) goats, clinically free of external and
internal parasites, were used. Does aged 2-3 years, with a
body weight of 34+2.4 kg, were selected according to farm
reproduction records located in sharqya government (Inshas
area). Research on animals was conducted according to
the local ethics committee on animal use (133). All does
were kept in semi-open pens throughout the experimental
period and fed a basal diet with a concentrate feed mixture
according to NRC (2007) requirements for goats. Fresh
drinking water was given daily ad [libitum. Does were
allotted to two groups according to ambient temperature
(mild and hot) during the estrous cycle, each containing
twenty does. The animals were housed in a semi-roofed
yard and kept under similar feeding and management
conditions during the two periods.

Prior to the experiment, animals were fed for two weeks
as an adaptation period. To synchronize their estrous cycle,
all animals received two intramuscular injections of 5 mg of
prostaglandin F2a (PGF2a) (lutalyse) at 11-day intervals.
To recognize the estrous status, the rectal temperature
was recorded routinely and the indications of estrous
were observed likewise. These signs included consistent
vocalization, loss of appetite, redness and swelling around
the vulva, and a thin mucus discharge from the vulva. The
experimental work was carried out during the estrous cycle
under two climatic conditions of the Egyptian environment:
the mild season (from February to March 2014) and the hot
season (from July to August 2014).
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Ambient temperature and relative humidity were
obtained daily from the meteorological station of the
farm during the entire experimental period. The average
temperature, humidity, and temperature-humidity index
(THI) were determined as described by LPHSI (1990) and
modified by Marai et al. (2007). After the temperature was
measured (°C), THI was calculated as follows: THI = db °C
—{(0.31 = 0.31 RH) (db °C — 14.4)}, in which db °C is the
dry bulb temperature (°C) and RH is the relative humidity
(RH %)/100. The animals were under the experimental
conditions during half of the day (about 8 h/day).

Rectal temperature (RT) of each goat was measured
daily using a digital thermometer, while respiratory rate (RR)
was obtained daily as the number of respiration movements
per minute (breaths/min). Blood samples (10 mL) from
each animal were collected from the jugular vein every two
days during one estrous cycle from late July to August (hot
condition) and from February to March (mild condition).

Blood samples were collected using non-anticoagulant
tubes, which were centrifuged at 3000 x g for 20 min at 4 °C.
Separated-serum samples were stored at —20 °C until the
assay. Total antioxidant oxidant capacity was determined
according to the method of Koracevic et al (2001), using a
kit from BioDiagnostics (BioDiagnostics, Dokki, Egypt),
in which a Fe-EDTA complex reacts with hydrogen
peroxide by a fenton-type reaction, leading to the formation
of hydroxyl radicals that degrade benzoate, followed by
release of thiobarbituric acid reactive substances.

The antioxidants from serum samples were measured
colorimetrically. Malondialdehyde (MDA) in serum samples
was measured as described previously (Ohkawa et al., 1979),
in which MDA reacts directly with thiobarbituric acid at
optimum pH (3.5) to produce a red color that was measured
spectrophotometrically.  Beta-carotene  contents  were
measured spectrophotometrically following the method
described by Suzuki and Katoh (Suzuki and Katoh, 1990).
In brief, 1 mL of each serum sample was mixed in a brown
tube with 1 mL of 96.5% ethanol followed by addition of
3.5 mL 98.5% hexane. Next, tubes were shaken for 10 min
and centrifuged at 800 x g for 10 min. The supernatant
was measured at 453 nm. Concentrations of serum total
protein (TP), albumin, cholesterol, and triglycerides were
analyzed calorimetrically using commercial kits from
Bio-Diagnostics. Progesterone (P,) and thyroxine (T,)
concentrations were assayed using RIA and antibody-
coated tube kits from Immunotech Beckman Coulter, Inc.
(Prague, Czech Republic).

Data were analyzed statistically using the GLM
ANOVA procedure of SPSS (Statistical Package for the
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Social Sciences; Inc., Chicago, IL, USA) v.16. A two-
way ANOVA was run according to the following model:
Yijk =ptCH Pj +(Cx P)ij + S
mean; C, = fixed effect of season condition (mild or hot);
PJ. = fixed effect of estrous phase (I, I, III, or IV); C x P =
interaction between the two factors; and € = random error.

in which p = overall

Significances for differences in the results were checked by
Duncan’s test (Duncan, 1955). Differences were considered
significant at P<0.05.

Results

The severity of heat stress was estimated using both
ambient temperature and relative humidity, as described
in Material and Methods. The obtained values indicate the
following: <22.2 = absence of heat stress; 22.2 to <23.3 =
moderate heat stress: 23.3 to <25.6 = severe heat stress;
and >25.6 = extremely severe heat stress. Temperature-
humidity index data indicated no heat stress during the
mild condition, while animals were extremely heat-stressed
during the hot condition. For instance, during the mild
season, the average temperature and relative humidity were
22.2°Cand 82.01%, respectively, and THI was 21.74, which
indicates absence of heat stress in this period. Conversely,

Table 1 - Rectal temperature (RT) and respiratory rate (RR) of
goats during estrous cycle under mild and hot Egyptian

conditions
Thermoregulatory parameter
Item
RT (°C) RR (breaths/min)
Condition (C)
Mild 38.56B+0.046 15.88B+0.11
Hot 39.75A+0.050 24.86A+0.13
P-value 0.0001 0.0001
Estrus phase (P)"
1 39.11B+0.051 22.1A+0.153
I 38.96B+0.07 20.2B+0.2
I 39.07B+0.066 18.43C+0.15
v 39.48A+0.06 20.75B+0.15
P-value 0.0001 0.0001
CxP
Mild
I 38.44d+0.07 16.7¢+0.20
I 38.29d+0.09 16.1e+0.22
I 38.47d+0.07 15.25f+0.12
v 39.03¢+0.10 15.45f+0.14
Hot
I 39.77b+0.06 27.5a+0.24
I 39.6b+0.07 24.3¢+0.27
I 39.66b+0.05 21.6d+0.28
v 39.94a+0.03 26.01b+0.18
P-value 0.011 0.0001

! Estrus phases: I = estrus; I = metaestrus; I1I = diestrus; IV = proestrus.
Means with different letters (A, B, and C or a, b, and ¢) in the same column are
significantly different at (P<0.05).

during the summer period, average temperature, relative
humidity, and THI were 34.63 °C, 82.44%, and 33.53,
respectively. Both RT and RR had a marked significant
increase (P =0.0001) throughout the summer compared with
mild conditions. Furthermore, both parameters (RT and RR)
varied considerably throughout the different phases of the
animal estrous cycle (P =0.0001) (Table 1).

All biochemical parameters tested in the current study
exhibited a significant decrease in heat-stressed animals
contrasted with those without heat stress. For instance,
serum TP and albumin levels decreased considerably in
animals under the hot summer compared with the mild
season. During the estrous cycle, a decrease was recorded
for TP and albumin levels, particularly in stages III and IV
(Table 2). The combined effect of hot condition and estrous
cycle contributed to an important decline in TP and albumin
levels . Likewise, serum levels of cholesterol and triglyceride
diminished significantly in goats under hot conditions
(P = 0.0001). This reduction was much more pronounced
throughout the luteal phase of the estrous cycle (Table 2).

Heat-stressed goats also exhibited a marked reduction
in their serum levels of antioxidants as indicated by the
current data, which demonstrate some variation in the
diverse stages of the estrous cycle. For example, -carotene
and total antioxidant (TA) levels had a highly significant
decrease (P = 0.0001) in animals under hot conditions and
during different stages of their estrous cycle. However,
the estrous cycle had no participation in the decline of
B-carotene because the combined effect failed to achieve
significance (P = 0.637). This implies that a decline in the
level of B-carotene could be attributed to heat stress solely,
with no role of estrous cycle phase variation. Furthermore,
a highly significant decrease was observed in MDA during
hot conditions (P = 0.0001) and estrous cycle, particularly
in phase II. Unlike B-carotene, the decline in the MDA level
could be due to the combined effect of both heat stress and
estrous cycle (Table 3).

The levels of both progesterone and T, were evaluated in
the present study. Our data demonstrated a marked decrease
in the levels of each hormone throughout the hot condition
(P=0.0001). The levels of each hormone varied significantly
during the different phases of the estrous cycle. As an
example, the level of P, fluctuated throughout the estrous
cycle, showing a significant decrease during stages I, II, and
111, but increased markedly in phase IV (Table 4). On the other
hand, T, showed a significant decrease during the different
stages of the estrous cycle. The interaction between the effects
of hot conditions and estrous cycle phases contributed to these
significant variations in both P, and T, (Table 4).
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Table 2 - Biochemical levels of goats during estrous cycle under mild and hot Egyptian conditions

Biochemical level

frem Total protein (gm/dL) Albumin (gm/dL) Cholesterol (mg/dL) Triglycerides (mg/dL)
Condition (C)
Mild 6.20A+0.04 4.39A+0.030 142.59A+0.50 45.98A+0.31
Hot 4.78B+0.035 2.26+0.029B 124.50B+0.46 35.55B+0.30
P-value 0.0001 0.0001 0.0001 0.0001
Estrus phase (P)!
I 6.00B+0.05 3.43B+0.05 136.3B+0.65 39.30C+0.43
11 6.19A+0.049 4.01A+0.046 147.6A+0.70 45.16A+0.44
111 4.84C+0.049 2.82D+0.05 129.10C+0.65 42.38B+0.42
v 4.89C=+0.05 3.05C+0.5 121.23D+0.68 36.22D+0.39
P-value 0.0001 0.0001 0.0001 0.0001
CxP
Mild
I 6.78b+0.07 4.49b+0.11 143.3b+0.92 45.38b+0.61
11 7.20a+0.05 5.25a+0.09 156.8a+1.16 50.50a+0.58
111 5.30d+0.08 3.71d+0.08 138.4¢+1.02 48.992+0.59
v 5.48¢+0.044 4.15¢+0.04c 131.9d+0.91 39.05b+0.62
Hot
1 5.22d+0.05 2.37f£0.03 129.30e+0.70 33.23d+0.60
11 5.19d+0.031 2.77e+0.06 138.35¢+1.07 39.81b+0.62
111 4.40e+0.10 1.93g+0.05 119.80£+0.72 35.76¢+0.61
v 4.29¢+0.09 1.96g+0.03 110.6g+0.76 33.40d+0.59
P-value 0.0001 0.0001 0.001 0.0001

! Estrus phases: I = estrus; II = metaestrus; I1I = diestrus; IV = proestrus.
Means with different letters (A, B, C, and D or a, b, and c) in the same column are significantly different at (P<0.05).

Table 3 - Oxidative markers and antioxidant levels of goats Table 4 - Progesterone and thyroxine levels of goats during estrous
during estrous cycle under mild and hot Egyptian cycle under mild and hot Egyptian conditions
conditions Hormone

Biochemical level frem Progesterone (nmol/L) Thyroxine (pmol/L)

Item TA MDA B-carotene Condition (C)

(mM/dL) (umol/L) (omol/L) Mild 14.73A0.19 24.48A%0.12

Condition (C) Hot 10.85B=0.2 15.45B=0.13

Mild 13.11A%0.15  14.79A+0.20  22.2A+0.22 P-value 0.0001 0.0001
Hot 8.73B+0.20 28.35B+0.21  10.48B+0.19 Estrus phase (P)!
P-value 0.0001 0.0001 0.0001 I 6.82C+027 21.39A20.16

Estrus phases (P)' 1l 1.82D+0.26 18.45C+0.2

1 11.58A+0.21 18.53B+0.29 18.15A+0.31 I 13.47B+0.30 19.77B+0.15
11 10.80AB+0.21  25.32A+0.28  14.80C+0.32 v 29.06A+0.27 20.25B+0.16
I 11.20A+0.21 18.68B£0.31  16.63B+0.31 P value 0.0001 0.0001
v 10.10B+0.2 18.55B+0.29  15.78BC+0.29
P-value 0.0001 0.0001 0.0001 CxP
Mild
CxP I 7.79e+0.16 25.89a+0.20
Mild 1l 2.09g+0.10 23.12b+0.31
1 15.25a+0.40 14.09d+0.18 24.24+0.45 111 17.31c+0.31 23.62b+0.31
11 11.75¢+0.40 17.03¢+0.30 20.4+0.56 v 31.73a+0.91 25.31a+0.16
I 13.45b+0.25 14.15d+0.12 22.7+0.53 Hot
v 12.00¢+0.26 13.89d+0.22 21.5+0.54 I 5.84£40 15 16.89¢+0.11
Hot 11 1.54g40.04 13.79£+0.17
1 9.85d+0.23 22.97b+0.03 12.10+0.42 I 9.63d+0.28 15.93d+0.30
1I 7.90££0.29 33.60a+0.49 9.20+0.34 % 26.38b+0.32 15.18e+0.21
111 8.95¢+0.28 23.22b+0.51 10.55+0.34 P-value 0.0001 0.0001
v 8.20cf+0.24 232102048 10.05+0.29 ! Estrus phases: I = estrus; Il = metaestrus; I1I = diestrus; IV = proestrus.
P-value 0.0001 0.0001 0.637 Means with different Iettc:rs (A, B, C ande ora,b, ami ¢) in the same column are
TA - total antioxidant; MDA - malondialdehyde. significantly different at (P<0.05).

! Estrus phases: I = estrus; I = metaestrus; I1I = diestrus; IV = proestrus.
Means with different letters (A, B, C, and D or a, b, and c) in the same column are
significantly different at (P<0.05).
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Discussion

Because of the temperature conditions in Egypt, most
goats are seasonal breeders, with additional active breeding
happening throughout the seasons with shorter day lengths
and little to no breeding during long day lengths. In females,
reproduction is controlled by the estrous cycle. This represents
the time from one standing heat (estrus) to the next. This
cycle normally lasts 21 days, with the particular time for the
standing heat being one to a few days. This cycle continues
for the lifetime of the female and is interrupted solely by
season, pregnancy, or lactation.

Environmental conditions in Egypt are a combination
of elements that encompass temperature, humidity, and
different variables. Therefore, farm animals are raised under
extreme climatic stress, especially in the summer under hot
conditions. Excessive heat stress might cause hyperthermia
and probably many physiological side effects. Rectal
temperature and RR are perceived as essential measurements
of the physiological status (Lefcourt et al., 1986) and also
as ideal indicators for the assessment of stress in animals.
Additionally, the increased RT and RR in goats following
their exposure to hot climatic conditions demonstrate that
these animals were under a stressful hot environment. Both
RT and RR increased considerably during the hot season,
contrasting with the mild season, which clearly indicates
that this group of goats was under heat stress. This finding
corroborates previous works with goats. For instance, the
RT of goats was elevated with the high environmental
temperature in the experiments of Minka and Ayo (2012)
and Al-Samawi et al. (2014). This rise in body temperature
might be ascribed to the failure of the body to reach or
maintain thermal equilibrium due to insufficient heat loss
(Marai et al., 2007).

Elevated RR was earlier reported as a consequence of
thermal stress in goats and sheep (Okoruwa et al., 2013),
which our data are in line with. The authors understood
RR as a sensible and reliable measure of heat load and
expressed that respiratory rates over 12-20 breaths/min in
sheep and goats are characteristic of heat stress. Moreover,
Minka and Ayo (2012) reported an incontestable rise in
RR throughout the hot season and former studies suggest
that in heat-stressed animals, panting is the simplest
way to dissipate excess heat through evaporation (Marai
et al,, 2007; Al-Haidary et al., 2012). Indeed, goats are
considered one amongst poorly sweating animals and tend to
extend their respiratory activity to maintain their heat balance
during exposure to hot conditions (Sivakumar et al., 2010).

Rectal temperature and RR demonstrated a similar
trend throughout the estrus phases under the hot Egyptian

conditions, compared with the mild condition. However,
their trend revealed some variation during the various
phases of the estrous cycle. The highest RT was in phase IV,
while the lowest was in phase II, and there was a significant
interaction between estrus phases and hot conditions to exert
this significant amendment. The estrous cycle is related to
many physiological, metabolic, and hormonal variations
(Aydilek et al., 2014), leading to diverse changes according
to the estrus stage. The rise in RT during phase IV compared
with phase II is explained by the corpus luteum that is fully
functional during this stage and the increase in blood
concentration of some hormones.

Total proteins in the plasma and various intracellular
compartments play an important role in the antioxidant
defense system. They are considered among the main
targets of free radical attack. The main function of albumin
includes regulation and transport of a wide variety of
substances. It likewise represses the generation of free
radicals from the system (Halliwell, 1988). In the current
study, a highly significant decrease in TP and albumin levels
was seen in animals under hot condition (heat stress). This
reduction reached 22.9% and 8.5%, respectively (Table 1).
Dangi et al. (2012) reported a decline of TP in goats under
heat stress, which the present data corroborate. This
decrease could also be attributed to the decrease in protein
synthesis as a result of decreasing anabolic hormone
secretion due to the increasing gluconeogenesis process
that accompanies heat stress (EI-Masry and Habeeb, 1989;
Sejian and Srivastava, 2010). In addition, decreased feed
intake could be another explanation for the decreasing total
protein level during the hot season (Al-Haidary, 2004).
However, a study by Salem et al. (1998), reported higher
TP in Chios lambs and crosses with Ossimi lambs in Upper
Egypt in the summer compared with the winter, which our
data contradict.

Reactive oxygen metabolites are involved in numerous
signaling pathways that participate mainly in the management
of anabolic and catabolic processes (Droge, 2002). There
is much evidence that human serum albumin has vital
antioxidant activity (Roche et al., 2008; Halliwell, 1988). A
study on dairy farm cows confirmed the antioxidant role of
albumin, especially near calving, when animals have a lack
of vitamins and minerals (Castillo et al., 2005). Our data
revealed a decrease in the levels of each TP and albumin
throughout late stages of the estrous cycle under both mild
and hot conditions. As opposed to our data, some previous
studies demonstrated an increase in albumin and total protein
levels at late stages (Yaqub et al., 2011).

Serum cholesterol and triglyceride levels of goats
under hot temperatures had a noteworthy decrease that
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reached 12.68 and 22.86%, respectively. The extent of this
reduction of each lipid component fluctuated in various
phases of the estrous cycle of the tested goats due to the
combined effect of heat stress and estrous cycle. This
decrease in the cholesterol/triglyceride level might be due to
the diminished dry matter intake (Bobe et al., 2003), higher
total body water content, and consequent dilution of blood
components (hemodilution) (Habeeb et al., 1992). This
decline in cholesterol/triglycerides during the hot condition
could accelerate body fat catabolism and lipid mobilization
(Abeni et al., 2007). A reduction in liver activity may
contribute to lowering cholesterol during hot conditions
(Ronchi et al., 1999). An increase in total body water
may add another explanation for this reduction (Habeeb
et al., 1992). It has been documented that cholesterol
is a constituent of many lipoproteins. The reduction of
cholesterol level during the estrous cycle (especially in
the luteal phase) could be attributed to the compositional
properties of low-density lipoprotein-cholesterol, which
stands out amongst the most defenseless substrates for
lipid peroxidation (Celi, 2010). A study by Mumford et al.
(2011) likewise exhibited a marked reduction of plasma
cholesterol/triglyceride levels during the luteal phase of the
estrous cycle. Since cholesterol is the precursor of ovarian
steroids, the declining cholesterol during the luteal phase
might be a consequence of enhanced use in steroidogenesis
(Rapoport et al., 1998; Piccione et al., 2009).

To evaluate the relationship between oxidative stress
and estrous cycle under hot conditions, a common practice
is to measure MDA as a marker for oxidative damage, TA
as an antioxidant defense, and B-carotene as a micronutrient
antioxidant. During the estrous cycle and hot season, TA
and B-carotene levels in the plasma of female goats showed
a highly significant decrease that reached around 33.3 and
52%, respectively. A lower level of TA was recorded in
the luteal phase compared with the other phases. Aydilek
et al. (2014) found a decrease in TA in the luteal phase in
cows during the estrous cycle, which the present data agree
with. Oral et al. (2015) also found a reduction of TA levels
during the estrous cycle of heifers. A significant interaction
between seasonal variation and estrous cycle was observed
for TA (P =0.0001). Total antioxidant activity is considered
a cumulative action of all antioxidants present in serum
and body fluids; this variable provides relevant information
that will effectively describe the dynamic equilibrium
between pro-oxidant and antioxidant agents in the plasma
compartment (Cao and Prior, 1998; Ghiselli et al., 2000).
Indeed, TA is viewed as a helpful tool to measure stress in
ruminants (Pregel et al., 2005).

Teama

Beta-carotene is considered one amongst the most
non-enzymatic, low-molecular-weight antioxidant groups
and is present in the plasma in addition to extracellular and
intracellular fluids. It can prevent the peroxidation process
caused by oxygen radicals depending on the number of
conjugated double bonds (Palozza and Krinsky, 1992).
Beta-carotene can help repair tissue damage caused by free
radicals (Chiu et al., 2008). A low PB-carotene level was
recorded in the blood of goats during their estrous cycle
and under the hot condition, in the present experiment. This
reduction of B-carotene level might be attributed to the
impact of both estrous cycle and hot condition on goats for
appropriate use of B-carotene. This biomarker can be used
to measure the antioxidant capability of animals throughout
exposure to heat stress and during their estrous cycle.

The MDA level indicates the lipid peroxidation process
in tissues wherever the fatty acids in the cell membrane
lose hydrogen molecules that increase the amount of MDA
in the environment (Deveci and Giiven, 2008; Celi, 2011).
An abnormal state of MDA was detected in cattle with
theileriosis as a result of lipid peroxidation and oxidative
stress (Rezaei and Dalir-Naghadeh, 2006). In the present
study, a significant increase was seen in MDA.

The estrous cycle is associated with severe metabolic
and hormonal variations, particularly under hot conditions.
The levels of progesterone and T, hormones were
determined during different phases of the estrous cycle of
goats, in mild and hot conditions. A significant variation
was recorded in the progesterone level during the estrous
cycle, in which the highest amount was seen in the luteal
phase (IV), while the lowest level was recorded in estrus
phase II. A significant decrease in its level was reported in
hot compared with mild conditions. Results of the present
study agree with those of Wolfenson et al. (2002), who
reported a significantly higher serum progesterone level in
the winter compared with summer in Holstein cows during
estrus phases.

It has also been reported that a higher progesterone
concentration during the mid-luteal phase in the winter
compared with the summer is due to the dominant influence
on oviduct uterus, pituitary, and hypothalamus (Johnson,
1987). However, no significant effect was seen on P,
concentrations under hot conditions (Wilson et al., 1998).
A lower level of T, was recorded in hot compared with
mild conditions. Decreasing the T, hormone might be an
alternative to reduce the metabolic rate and heat production
during exposure to heat stress (West, 1999).

Free radicals serve as substrates for the thyroid hormone;
therefore, production of additional free radicals as a result of
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heat stress might have an effect on the amount of hormone
(Deshpande et al., 2002). Moreover, 5’ monodeiodinase, an
enzyme that converts T, to T,, is affected by free radicals,
under heat stress (Brzezinska-Slebodzinska, 2001).

Conclusions

Egyptian conditions have detrimental effects on some
antioxidant agents and some biochemical parameters during
the estrous cycle of goats. Understanding the effect of the
heat-stress mechanism could contribute to the development
of new markers to predict heat stress in goats.
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