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MAKALE BILGiSi/ ABSTRACT:

ARTICLE The aim of this study was to investigate the effect of heat stress on total oxidant capacity (TOC) in hair goats of different

INFORMATION: ages grown at different altitudes in the same season. The study was carried out on 208 hair goats (25 male and 183 female)
in 11 different districts of Adana province (Turkey) in the summer season. The districts were grouped as 0-99 m (Group

Gelis / Received: 1), 100-500 m (Group 2) and higher than 500 m (Group 3) according to altitude characteristics, and goats were classified

20 Temmuz 20 into two groups as under 3 years and 4 years or older. Blood samples were collected, serums harvested and stored at -
20°C until TOC analysis. Heat stress was determined according to the temperature humidity index (THI). There were

20 July 20 severe and moderate heat stress in groups 1 and 2, respectively (P<0.001). TOC was significantly lower in group 2
compared to the other groups (P<0.001). The highest TOC was measured in group 3 (P<0.001). And TOC was

Kabul / Accepted: significantly higher in animals aged 4 and older compared to under 3 years of age (P<0.05). Although male goats were

09 Kasim 20 exposed to significantly higher THI than female goats (P<0.01), TOC levels were found similar in both groups (P>0.05).
In conclusion, altitude, THI, age and gender had a complex effect on TOC.
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Keywords: o . . . I . .

Altitude Kil kecilerinde 151 stresinin toplam oksidan kapasitesine etkisi
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Anahtar Sozciikler:

Ozer:

Bu ¢alismanin amaci, ayni sezonda farkli rakimlarda yetistirilen farkli yastaki kil kegilerinde 1s1 stresinin toplam oksidan
kapasite (TOC) tizerindeki etkisini aragtirmakti. Calismada Turkiye, Adana'nin 11 farkli ilgesinden 25 erkek 183 disi
olmak iizere 208 kegi kullanildi. ilgeler rakim zelliklerine gére 0-99 m (Grup 1), 100-500 m (Grup 2) ve 500 m'den daha
yiiksek (Grup 3) olmak iizere gruplandirildi. Kegiler ise 3 yasindan kiigiik ve 4 yas ya da daha yash olarak iki gruba

st stres.lh ayrildi. Kan ornekleri almarak serumlar ¢ikarildi ve TOC analizine kadar -20°C'de saklandi. Is1 stresi sicaklik nem
Kil kegisi indeksine (THI) gore belirlendi. Grup 1 ve 2'de sirasiyla siddetli ve orta dereceli 1s1 stresi vardi (P <0.001). TOC diger
Rakim gruplara gore grup 2'de anlamli olarak diisiik bulundu (P <0.001). En yiiksek TOC grup 3'te 6l¢iildii (P <0.001) ve TOC

Toplam oksidan

kapasitesi

degeri 4 yas ve tlizerindeki hayvanlarda 3 yasin altindakilere gore anlamli derecede yiiksekti (P <0.05). Erkek kegiler disi
kegilerden anlamli derecede daha yiiksek THI'ye maruz kalmalarina ragmen (P <0.01), TOC seviyeleri benzer bulundu
(P >0.05). Sonug olarak, rakim, THI, yas ve cinsiyet TOC iizerinde kompleks bir etkiye sahipti.
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1. Introduction

Farm animals are exposed to stress which is affecting their production and welfare, depending on
environmental factors and management conditions (1, 2). The environmental factors such as high ambient temperature
and relative humidity can cause heat stress in farm animals (2, 3). The heat stress occurs, when the effective temperature
of the environment exceeds the animal’s comfort temperature (4, 5). Temperature humidity index (THI) values of 75
or higher are considered stressful. The values greater than 78 cause excessive stress, and animals cannot maintain
thermoregulatory mechanisms (3). It has a multifactorial effect on health, so it is an important source of economic loss,
including fertility problems in farm animals (6). Heat stress primarily causes dehydration (7). It also causes biological
reactions in the physiological, biochemical, hormonal and haematological functions of animals. Thus, animals try to
eliminate or minimize the harmful effects of stress (8). At the same time, these changes lead to disruptions in the
homeostasis balance of important metabolites such as antioxidants, prooxidants, insulin, lipids, proteins, cholesterol
and glucose (2). Most importantly, it is known that heat stress increases reactive oxygen species (ROS) production (9)
which are the most abundant oxidant substances in biological systems (10). Already, oxidant substances are normally
produced at moderate levels during the conversion of glucose into the form of adenosine triphosphate (ATP) using
oxygen (O2) in mitochondria (11). And under normal conditions, antioxidants substances complete the missing electron
of ROS and repair them enzymatically or reduce them into new molecules such as H2O that is harmless to the body
(12). However, heat stress results in the excessive production of free radicals (13). Since it also causes a decrease in
the antioxidant defense system, it results in oxidative stress, which can cause tissue pathologies by damaging
macromolecules of healthy cells including deoxyribonucleic acid (DNA), lipids and proteins (2, 14). Moreover, altitude
can affect the antioxidant defense system and lead to oxidative stress. And it is known that high altitude is associated
with increased production of free radicals due to low oxygen pressure (15). So, it is understood that heat stress and
excessive oxidant production are critical for farm animals. The aim of this study was to investigate the effect of heat
stress on total oxidant capacity (TOC) in hair goats of different ages grown at different altitudes in the same season.

2. Material and Methods

The study was carried out on 208 hair goats (25 male and 183 female) in 11 different districts (Table 1) of
Adana province (Turkey) in the summer season (June, July and August months). All of the goats used in the study were
mature and cyclically active animals that reached puberty. Power analysis was taken into account in determining the
sample size. The districts were grouped as 0-99 m (Group 1), 100-500 m (Group 2) and higher than 500 m (Group 3)
according to altitude characteristics. Goats were classified into two groups as under 3 years and 4 years or older. Since
the sample distribution was chosen randomly, age groups could not be classified according to altitude within
themselves. All goats had similar properties, were managed in extensive systems under the same conditions and were
clinically healthy including rectal temperature, respiratory, appetite,physical posture and anamnesis. Blood samples
(10 ml) were collected from the jugular vein into sterile vacutainer tubes (Hema & Tube®, Italy) containing a clot
activator using 18-G needles at the same periods. The blood samples were centrifuged at 3000 xg for 10 minutes, then
harvested serums were stored at -20°C until TOC analysis.

Calculation of temperature humidity index (THI):

THI is a combination of environmental temperature and relative humidity. It is used to assess the risk of heat
stress (3). The daily temperature and humidity data were obtained from the meteorological station with the official
application. Daily measurements (temperature, humidity) were not made in the farms where the study was conducted
because all goats were managed under extensive systems. The THI data of each region were obtained using temperature
and relative humidity according to the formula described below (Table 1) (16). And THI values of the time the study
was performed in each zone was taken into account. THI data calculated according to the regions are presented in the
results section (Table 2). THI levels are considered normal if they are 70 or less, moderate stress if between 75 and 78,
and severe heat stress if they are greater than 78 (3).
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Table 1: Temperature humidity index formula
Tablo 1: Sicaklik nem indeksi formiilii
THI [(1.8 x T+ 32) — [(0.55 — 0.0055 x RH) x (1.8 x T —26.8)]

T is the air temperature in ° C. RH is the relative humidity in %.

Table 2: The districts where the study was conducted and the calculated THE data

Tablo 2: Calismanin yiiriitiildiigii ilceler ve hesaplanan THI degerleri

Altitude (m) Districts THI
0-99 Ceyhan 80
Yumurtalik 80
Yiiregir 79
Imamoglu 78
Karatas 81
Kozan 78
Cukurova 77
100-500 Saricam 78
>501 Tufanbeyli 66
Pozant1 75
Aladag 78

Total oxidant capacity (TOC) and test principle:

Serum TOC levels were measured using an ELISA device (TECAN, Sunrise® Swiss) and commercial kits
(LOT: OK181040, Rel Assay Diagnostics, Clinical Chemistry Solutions, Gaziantep) based on the method developed
by Erel (17, 18). The test principle is a colorimetric method, which can be measured spectrophotometrically. It indicates
the total amount of oxidant substances in the samples. Hydrogen peroxide is used as a calibrator in this test method
(17). The results were expressed as micromolar hydrogen peroxide equivalent per liter (umol H,O» Equiv. /L).

Statistical analysis

All data were analyzed using SPSS 21.0 Windows statistical package program evaluation version. The TOC
analyzes of goats in different districts were compared using one-way Anova test. The age and gender groups were
evaluated by independent-T test. A P-value less than 0.05 was considered statistically significant. Obtained results were
presented as Mean + Standard deviation (Mean + Std deviation).

3. Results

In the present study, it was found that THI levels decreased significantly as altitude increases (P<0.001). There
were severe and moderate heat stress in groups 1 and 2, respectively (P<0.001). But, there was no heat stress in group
3 (P<0.001). Serum TOC levels were significantly lower in group 2 compared to the other two groups (P<0.001). And,
the highest TOC value was measured in group 3 compared to other groups (P<0.001). It was determined that the
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distribution of age was similar in different THI values according to regions (p>0.05). Serum TOC levels were
significantly higher in animals 4 years and older compared to under 3 years old (P <0.05). It also was observed that
male goats were exposed to significantly higher THI than females goats (P<0.01). TOC levels were similar in male
goats compared to female goats (P>0.05). TOC levels, THI values and other results in groups are shown in Table 3.

Table 3: Effect of THI on serum TOC levels in hair goats. (Mean + Std. deviation).
Tablo 3: Kil kegilerinde THI 'min serum TOC seviyesine etkisi. (Aritmetik Ort. + Std. sapmay).

Variables Number of TOC/pmol/L P Value THI P Value
animals (n)
Altitude 0-99 (G 1) 89 8.733+4.112 79.40+1.105
) 100-500 (G 2) 50 6.954+2.815 <0.001° 77.86+£0.351 <0.001°
>501 (G 3) 69 9.73343.526 72.9145.075
<3 69 7.762+2.831 . 76.91+4 385
Age >4 139 9.072+4.103 0.018 76.86:4.045 0.935
Female 183 8.687+3.832 76.57+4.302 .
Gender Male 25 8.276+3.335 0.610 79.16+1.434 0.003

TOC: Total oxidant capacity, G 1: Group 1, G 2: Group 2, G 3: Group 3. “P <0,001; ® P <0,05; <P <0,01

4. Discussion and Conclusion

In the present study, the effects of heat stress, altitude, gender and age on TOC were evaluated in hair goats. It
is reported that goats have good tolerance to heat stress due to their thermoregulation ability, and long-haired goats
more resistant to heat stress compared to short-haired goats (16). No matter how resistant the farm animals to heat
stress, this is considered a major problem for livestock. Because it negatively affects the health and production of farm
animals in many ways (19, 20). Considering the increasing global temperature (21), the issue becomes more important.
It has been reported that environmental temperature and humidity should be evaluated together and heat stress should
be monitored according to THI values. Because the effect of ambient temperature on farm animals changes according
to the moisture content (21, 22). THI levels were used as a heat stress index in this study.

In the present study, the altitude had an effect on THI levels. This was due to the decrease in air temperature
and humidity as altitude increases. Teama (14) reported that THI has an effect on oxidative stress. Kumar et al. (23)
noticed that oxidative stress increases in goats during the summer season. Similarly, several researchers reported that
heat stress has increased the production of oxidant substances (14, 24). The overall oxidation status of the body is
determined by measuring the TOC level. It represents the sum of all the oxidants substances present in blood serum. It
is also defined as reactive oxygen metabolites (17). In our study, it was observed that the THI increased serum TOC
levels in group 1 when compared to group 2. However, there was no positive correlation between THI and TOC in
group 3 compared to other groups. This situation showed that THI did not have a similar effect on TOC in all groups.
Although THI value was also lower in group 3 according to the other groups, the TOC value was measured higher.
This situation can be associated with the altitude. Because it was reported that exposure to high altitude results in the
increase of ROS production by the mitochondrial metabolism of cells due to differences in oxygen pressure (25).
Similarly, Dosek et al. (26) reported that at high altitude, oxygen pressure decreases and production of reactive nitrogen
and oxygen species increases, causing oxidative stress. It has also been declared that the degree of oxidative stress is
associate with the level of altitude. Moreover, it was revealed that exposure to high altitude could reduce the activity
of antioxidant systems (26). So, it is thought that the increase of the TOC levels of group 3 was caused by the high
altitude and low oxygen pressure of the districts. It is thought that these results are very important for goat breeding
because goat farming is common at high altitudes. Furthermore, antioxidant activity should be investigated in goats
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raised at different altitudes. But, antioxidant levels were not detected in this study. Because our main aim was to
determine the effect of THI and altitude on TOC levels. The major findings of this study are that the altitude and THI
are significant determinants for TOC levels.There is no specific study on the effect of gender and age on TOC levels
in hair goats under heat stress. Chaturvedi and Kataria (27) reported that age and gender have affected concentrations
of some antioxidant substances at different ambient temperatures in Marwari goats. Also, it was revealed that levels of
antioxidant substances were higher in male goats than female goats and antioxidant levels increased with age in all
groups (27). On the other hand, it has been reported that there is a positive relationship between biological aging and
oxidant production in some animal models (28, 29). Similarly, in our study, aging was linked to an increase in oxidant
generation in hair goats. This is thought to result from an increased ROS accumulation in aging organs. Balci et al. (30)
reported that gender difference has an effect on adaptation process to changes in antioxidant capacity. Oxidative stress
risk is higher in males compared to females (31). And Razmara et al. (32) informed that estrogen increases the
antioxidant activity in the mitochondria. According to this information, TOC level is expected to be lower in female
goats than in male goats. In this study, male animals were exposed to higher ambient THI levels than females, but this
did not affect the TOC level. Therefore, it was thought that male hair goats were more resistant to heat stress in terms
of TOC levels.

In conclusion, THI levels had an effect on TOC in hair goats. However, at high altitude TOC increased despite
low THI. Age and gender also affected the TOC level. So, studies investigating the effect of THI on oxidant capacity

in hair goats should also take into account age, gender and altitude.
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