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Abstract: Oxidative stress commonly occwrs following heat stress in tropical
regions and affects dairy animals. Glutathione protects cells from oxidative
damages. This study was carried out to investigate the serum glutathione level in
the ram with a fluorometric method and to determine its changes during heat stress
condition. Eight mature rams were selected and kept in the same conditions. The
rams were maintained during temperate and warm seasons to compare serum
glutathione levels during normal and heat stress conditions, respectively. Heat
stress was considered when temperature-humidity index was above 84. Serum
samples were obtained at 0, 14 and 28 days after beginning of the study during the
seasons. Reduced and oxidized glutathione concentrations were determined using
a fluorometric assay. The serum concentrations of reduced glutathione in the
normal and heat stress conditions were lower than oxidized glutathione. The
reduced and oxidized glutathione levels and their ratios were not different between
seasons and at different sampling times, although they were significantly changed
during sampling times in the normal and heat stress conditions. Present results
represent that glutathione levels change during different environmental conditions.
Tt seems that antioxidant defense system was changed to adapt and prevent
oxidative stress effects, although needs firther researches.
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INTRODUCTION

Heat stress can limit dairy production in hot climates (Finocchiaro et af., 2005). High
ambient temperatwe and humidity are the major constraint on sheep productivity in
tropical and subtropical areas (Marai et @l, 2007). The spermatogenesis and testicular
function decrease during summer in sheep which is related to photoperiod (Rhim et al., 1993;
Rasooli et al., 2010). High ambient temperature during summer months may increase the
suppressive effect of photoperiod on testicular function in ram (Rasooli et al., 2010).

The oxidative balance 1s affected during heat stress periods. Fast production of
free radicals and reactive oxygen species and/or a decrease in antioxidant defense
mechamisms result in oxidative stress (Sies, 1997, Sies et al., 2005; Trevisan et al., 2001,
Bernabucci et al., 2002).
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Glutathione (y-glutamyl-cysteinyl-glycine) is the principal tripeptide involved in the
antioxidant cellular defense mechamsms. Glutathione 1s produced in all mammalian organs,
especially in the liver (Pastore et al., 2003). Free glutathione is mainly present in its reduced
form (GSH), which can be converted to the oxidized form (G3S53) during oxidative stress.
Glutathione reductase can convert G33G to GSH.

Reduction and conmjugation reactions are the most important functions of GSH
(Pastore et al., 2003; Forman et al., 2009). The GSH protects cell membranes from oxidative
damage by removing of produced reactive species (Pastore et al., 2003; Forman et al., 2009).

Plasma glutathione levels are normally in the micro-molar range. Liver supplies most of
the plasma glutathione. It is removed from plasma by transpeptidase action which 1s mostly
located in the kidney (Pastore et al., 2003). Liver and kidney are metabolically active tissues;
therefore, glutathione levels may be mfluenced by different physiological and pathological
conditions.

There 1s little information about serum indicators of oxidative stress and antioxidant
status of the rams in normal and heat stress conditions. The aims of the present study were
to determine serum GSH and GSSG concentrations in rams by a fluorometric method and to
evaluate their changes during heat stress conditions.

MATERIALS AND METHODS

The experiment was conducted during February to Tuly 2007 in Nurabad (30°7' N
latitude, 51°31' E longitude), Fars province, Iran.

Materials

All chemicals were purchased from Sigma Chemical Co. unless otherwise specified.

Animals and Managements

Eight mature rams (3 to 4-year-old) with the same weight were selected. The rams were
fed on pasture regularly with allowed free access to water.

The study was conducted during temperate and warm seasons of the year to compare
parameters in normal and heat stress conditions. The rams were separated from females
during the study to prevent the effects of reproductive activities.

Estimation of Heat Stress Severity
Temperatuwe-Humidity Index (THI) was used to assess the levels of heat stress
condition and calculated by the following formula (Marai et al., 2007):

THI = db°F- {(0.55-0.55 RIT}(dbT-58)}

where, db °F is the dry bulb temperature in °F and RH is the relative humidity (RH%)/100.

Environmental temperature and humidity were measured 3 times daily with 8 h interval
at 6:00, 14:00 and 22:00. The THI values obtained above 84 were considered heat stress
condition (Finocchiaro et al., 2005, Marai et al., 2007).

Blood Sampling

Tugular blood samples were collected days 0, 14 and 28 after beginning of the study in
each season. Dunng summer, sampling was imitiated while THI value was obtaned above 84.
The blood samples were kept ice cold until serum was harvested. Serum samples were kept
at -80°C until measurements.
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Measurement of GSH and GSSG Concentrations

Concentration of oxidized (GSSG) and reduced (GSH) forms of glutathione were
determined using a fluorometric method described by Hissin and Hilf (1976). Briefly, serum
samples were deproteinized by adding equal volume of 5% trichloroacetic acid and
centrifugation at 10000x g for 10 min. The GSH and GS5G concentrations were measured
in umol T.7",

For GSH measurement, 200 pl. of GSH standard selution or supernatant was added to
2.6 mL of phosphate-EDTA buffer (0.1 M sodium phosphate, 5 mM EDTA, pH = 8) and
200 ul of 1 mg mL~" O-phthaldialdehyde (OPA). The mixhire was remained at room
temperature for 45 min and then fluorescence detection was done with excitation and
emission at 350 and 418 nm, respectively by Perkin-Elmer LS50 fluorescence
spectrophotometer (USA) (Hissin and Hilf, 1976).

For GSSG measurement, 200 ul. of supernatant was added to 100 pl. of 40 mM
N-ethylmaleimide (NEM) and remained 30 min at room temperature and then 2.5 mL of NaOH
(0.1 N) was added. The NEM react with GSH and remained GSSG reduced to GSH at these
steps. Two hundred microliter of this solution was used to react with OPA by described
procedure.

Statistical Analysis

The Statistical analysis were done using SPSS software, version 16. Results are
presented as Mean+SD. Statistical analysis carried out by the GLM Univariate procedwre in
the different seasons and sampling times. The seasons were used as fixed effect and the
times of sampling were used as random effect. The Paired-Samples t-test procedure was used
to compare the variables mn the same seasons (Petrie and Watson, 2006). The p<0.05 was
considered as statistically significant.

RESULTS

The averages of THI wvalue during temperate and warm season were 64.442.7 and
86.4+1.2, respectively.

The concentrations of GSH and GSSG m normal and heat stress conditions were shown
in the Table 1. From 48 blood samples collected, the serum concentrations of reduced and
oxidized glutathione were not different in normal conditions, although, oxidized glutathione
were lower than reduced glutathione in heat stress condition (p<0.001).

The comparison of serum values between different sampling days during Summer and
Winter shows that GSH value in O sampling day of Summer is higher than 0, 14 and 28 days
of Winter (p<0.05). Also, this value in 14 sampling day is higher than 14 and 28 days of
winter (p<0.05); while, GSH value in 28 sampling day of summer is significantly lower than
0 days of Winter (p<0.05).

Serum G383 values in 0 sampling day of summer 1s significantly higher than 14 day of
Winter;, while, this value in 28 day of Winter is higher than 0, 14, 28 of Summer (p<0.05).

The GSH to GSS5G ratios in 0 and 14 sampling days of Summer are significantly higher
than all sampling days of Winter (p<0.05); although, this value in 14 day of Winter 1s lugher
than 28 day of Summer (p<0.05).

The data showed that the GSH and GSS3G levels and also GSH to GS3G ratios were not
different between seasons and at different sampling times (p=>0.05), although, they
significantly changed during different sampling times in the normal and heat stress
conditions (Table 1).
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Table 1: The effects of heat stress on oxidative status of the rams

Contrast sampling Contrast sampling
days of Winter days of Sumnmer
Season
0 day vs. 14 days vs. Odayvs. 14 days vs.
Sampling days Winter Sumimer $xD€ 14 days 28 days 14 days 28 days
GSH (umol L™)
0 2.21+0.52¢ 3.8441.27% e ek #* * ek
14 0.97£0.12° 2.77£0.68
28 1.36£0.3¢¢ 0.81+0.112
Total (n = 24) 1.51+£0.60° 2.54£1.50
GSSG (umol LY
0 1.58+0.33 1.66+0.13® ik - ik - -
14 1.24+0.36 1.44+0.37
28 2.29+042° 1.56+0.51°
Total (n = 24) 1.70+0.57 1.55+0.36
GSH/GSSG ratio
0 1.45+048 2.3340.84% ke ek - - ek
14 0.83+0.22° 2.02+0.67%
28 0.63+0.28 0.57+0.20¢

Normmal condition is mentioned by winter samples. Means of each factor within winter colunn are different to rows in
Summer column with same superscript (p<0.05). *p<0.05; **p<0.01; ***p=0.001. ®$xD: SeasonxDays interaction

DISCUSSION

Measuring of blood glutathione (GSH and GSSG) is a useful way for detecting
glutathione status in whole-body (Pastore et al, 2003). Tt was found that the GSH and
GSH/GSSG ratio 18 low 1n the blood of patients with various diseases (Lyons et af., 2000,
Pastore et al., 2003).

The cellular level of GSH is predominating over the GSSG in normal condition
(Pastore et al, 2003). The tissue and plasma levels of glutathione change during different
situations. The plasma level of glutathione decreases when its synthesis reduces n tissues
(Griffith and Meister, 1979, Pastore et af., 2003). Also, glutathione can be metabolized by
tissues, such as kidney and mammary tissue (Pocius et al, 1981). In addition, nutritional
factors strongly influence hepatic and plasma GSH content (Chao and Allen, 1992;
Hum etal., 1992, Kim et ai., 1992).

During sampling times of the present study, the serum GSH levels and GSH/GSSG ratios
decreased in normal and heat stress conditions (p<0.05). Although, GSSG levels increased
in normal condition (p<<0.05) and did not change in heat stress condition. Sgorlon et al. (2008)
also found that total glutathione concentrations significantly decreased with the time of
sampling during normal condition.

The presented studies (Griffith and Meister, 1979; Pocius et al., 1981; Chao and Allen,
1992; Hum et al., 1992; Kirnet al., 1992; Pastore et al., 2003; Sgorlon et al., 2008) and present
results suggested that glutathione levels may change during different physiological,
pathological, nutritional and stress conditions in blood and tissues. It may be predictable
that body needs to change antioxidant defense system regularly to be protected from
oxidative stress.

Heat stress and oxidative stress are 2 types of damagmg agents which have been
reported to mduce an adaptive response (Crawford and Davies, 1994). The main physiologic
benefit of adaptive response is protection of cells from high doses of a toxic agent
(Crawford and Davies, 1994; Leeuwenburgh et al., 1997).

The present data showed that the GSH and GSSG levels and their ratios were not
different seasonally (p=0.05). No specific study mn the literature identifies which has
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separately measured blood GSH and GSSG levels during heat stress condition in sheep or
any other animals. Thiobarbituric (TBARS) assay, as an oxidative stress index, was not
performed in the present study. Therefore, 1t 1s not obvious that oxidative stress has affected
the presented rams. It is possible that the differences during sampling times were relatable
to nutritional and metabolic factors or adaptation to environmental changes.

CONCLUSION

The sheep which rears in tropical regions adapts itself to encountered heat stress and
glutathione levels change to prevent disturbing in antioxidant defense system and to defend
against oxidative stress. It 1s suggested that the effects of heat stress on serum glutathione
levels of sheep will be determined along with TBARS assay.
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