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ABSTRACT 

The aim of the present study was to test the hypothesis that glutathione peroxidase, uric acid, and a number of hemato- 
logical biomarkers do not vary in adult mares, over a 24-hour period. Seven adult (age 10 ± 6 yrs; weight 370 ± 30 kg) 
Arabian Purebred mares were used. Blood samples were collected every two hours, except during the period after-meals, 
when samples were collected every 30 minutes, totaling four samples in two hours. These samples were used to analyze 
glutathione peroxidase (GPx), uric acid (UA), glucose (GLU), total plasma protein (TPP), red blood cells (RBC), he- 
moglobin (HB), hematocrit (HT), red cell distribution width (RDW), white blood cells (WBC) and lymphocytes (LYM). 
One-way repeated measures analysis of variance (ANOVA) was used to determine significant differences. Tukey’s test 
was used for multiple comparisons between the averages. Ρ values < 0.05 were considered statistically significant. An- 
tioxidant biomarkers GPx and UA, as well as hematological biomarkers TPP, RBC, HB and HT exhibited a diurnal 
rhythm that was not affected by food ingestion, while RDW-SD, RDW-CV, WBC and LYM did not present a statisti- 
cally significant change in the same period. 
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1. Introduction 

The antioxidant system consists of both enzymatic and 
non-enzymatic components which work coordinately to 
detoxify the body of reactive oxygen species [1]. Enzy 
matic antioxidant defense includes superoxide dismutase 
(SOD), glutathione peroxidase (GPx) and catalase (CAT). 
Non-enzymatic antioxidants are represented by ascorbic 
acid (Vitamin C), α-tocopherol (Vitamin E), glutathione 
(GSH), carotenoids, flavonoids [2,3] and uric acid [4,5]. 

Oxidant agents are normally produced as a result of 
normal cellular metabolism [6] during mitochondrial 
electron transport of oxygen in aerobic respiration [7]. 
Reactive oxygen species participate of physiological 
events like aging [8], and then, it is known how to be 
involved in the etiology of many diseases like cancer [7]. 

During exposure to oxidant agents, reduced gluta- 
thione (GSH) is oxidized faster than hemoglobin and 
others erythrocyte constituents, protecting them from 
oxidative degradation [9]. Reduced glutathione is used 
by glutahione peroxidase (GPx) to detoxify hydrogen 
peroxide and oxidized glutathione (GSSG) is formed as a 
result. Glutathione reductase is necessary to convert 
GSSG to GSH, which also contributes to the detoxifi-  

cation of hydrogen peroxide [10]. The enzyme gluta- 
thione peroxidase (GPx) uses GSH to convert H2O2 into 
H2O. This reaction results in glutathione oxidized (GSSG) 
[11,12]. 

Diurnal rhythms are approximate 24-hour cycles in the 
behavioral, physiological, and biochemical processes of 
organisms [13]. A 24-hour assessment of the antioxidant 
biomarkers in equine blood samples provides important 
biochemical data which will be used to determine health 
status, performance-related indices and/or illnesses. The 
aim of the present study was to test the hypothesis that 
glutathione peroxidase and a number of hematological 
biomarkers do not vary in adult resting mares over a 24- 
hour period. 

2. Material and Methods 

2.1. Ethical 

The Universidade Federal Rural de Pernambuco Insti- 
tutional Animal Care and Use Committee approved all 
methods and procedures used in this study (protocol # 
62/2007-CTA/DZ). 

2.2. Animals 

Seven clinically healthy purebred Arabian mares (~10 *Corresponding author. 
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years old, ~370 kg) were used in the present study. 
Before starting this experiment, mares were maintained 
together at pasture in the Equine Research Center of the 
Universidade Federal Rural de Pernambuco, Recife-PE 
(8˚1'10"S; 34˚57"14"O) for 30 days, receiving food-con- 
centrated 700 g [crude protein (min.) 10% protein, ethe- 
real extract (min.) 18% fat, digestible energy 4.37 Mcal/ 
kg] plus 1.500 g [crude protein (min.) %, ethereal extract 
(min.) %, digestible energy (min.) E], as well as water 
and mineral salt ad libitum on a daily basis. 

2.3. Sample Timing 

Venous blood was collected from the jugular using nee- 
dles and vacuum tubes with previously refrigerated he- 
parin. Samples were taken every two hours over a 24- 
hour period, except during the period after-meals, in 
which samples were taken every 30 minutes, totaling 
four samples in two hours. 

During the sample collection, animals were kept in 
pickets and no exercise was induced to avoid any inter- 
ference in the results. 

2.4. Sample Analysis 

Blood samples were placed immediately in refriggered 
heparin tubes in an isothermal box with ice and transport- 
ed to the Applied Biotechnology Laboratory of Animal 
Production (BIOPA) within 5 - 10 min to analyze the 
glucose (GLU), total plasma protein (TPP), red blood 
cells (RBC), hemoglobin (HB), hematocrit (HT), red cell 
distribution width (RDW), white blood cells (WBC) and 
lymphocytes (LYM). Whole blood (heparin) was kept in 
a refrigerator (4˚C) for further analysis of the GPx within 
24 hours of collection, as required for the Ransel kit. 
Plasma aliquots were stored at −20˚C until further uric 
acid analysis (about 3 weeks post-sampling). 

An aliquot of blood from heparin tubes was centri- 
fuged (15 min at 1200 g) to obtain plasma, which was 
immediately used to measure plasma glucose (Accu- 
check Advantage II) and total protein (refractometry). 
hemoglobin (HB), hematocrit (HT), white blood cells 
(WBC), lymphocytes (LYM), Red Blood Cell Distribu- 
tion width (RDW-SD and RDW-CV) were assessed with 
an automatic cell counter, Sysmex Corp (pocH-100iv 
Diff). GPx activity was determined in whole blood by 
spectrophotometry at 340 nm, using a commercial Ransel 
505® kit (Randox Laboratories Limited, UK). Plasmatic 
uric acid was also determined by spectrophotometry us- 
ing a commercial kit (Doles, BR). 

Methods that have been developed for the measure- 
ment of the antioxidant activity of fluids are all essen- 
tially inhibition methods: a free radical species is gener- 
ated; there is an end point by which the presence of the 
radical is detected and the antioxidant activity of the 

added sample inhibits the end point by scavenging the 
free radical [14]. The Ransel 505® Kit, used in the pre- 
sent study, utilizes cumene hydroperoxide to generate 
hydrogen peroxide. Therefore, glutathione peroxidase is 
measured by the observation of both the initial and final 
inhibition point over a three minute period of the spec- 
trophotometer reading. 

2.5. Statistical Analysis 

Results are expressed as means ± standard error of the 
mean (SEM). The results were analyzed using repeated 
measures one-way ANOVA. Post-hoc tests were perfor- 
med using Tukey’s test. The significance level was set at 
P < 0.05 [15]. If no significant difference was found be-
tween times, the data were averaged, unless otherwise 
stated. SigmaStat 3.0 for Windows 7 was used for all 
analysis. 

3. Results and Discussion 

The results of the present study indicated that there is a 
diurnal rhythm for the antioxidant biomarkers gluta- 
thione peroxidase and uric acid (Figure 1) as well as for 
the biomarkers glucose and plasma total protein (Table 
1). 

The hematological biomarkers red blood cells, hemo- 
globin and hematocrit exhibited variations (Table 2). 
 

 
(a) 

 
(a) 

Figure 1. Alterations in levels of glutathione peroxidase 
(GPx) (a), and uric acid (UA) (b) over 24-hour period in 
mares. Arrows indicate the feeding periods. 
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Table 1. Change in concentration of glucose and total plasma protein along 24-hour period in mares. 

Biomarker 

Phase Time GLU (mg/dL) TPP (mg/dL) 

1 12:00 6.84 ± 0.34hi 

2 14:00 7.04 ± 0.27bcdefghi 

3 16:00 7.01 ± 0.29cdefghi 

4# 18:00 6.91 ± 0.25hi 

5 18:30 7.07 ± 0.36bcdefghi 

6 19:00 6.87 ± 0.44hi 

7 19:30 6.74 ± 0.42i 

8 20:00 6.77 ± 0.35i 

9 22:00 7.26 ± 0.15abcde 

10 00:00 7.26 ± 0.27abcdefg 

11 02:00 7.37 ± 0.33ab 

12 04:00 7.26 ± 0.29abcdef 

13 06:00 7.49 ± 0.32a 

14# 08:00 7.27 ± 0.23abcd 

15 08:30 7.34 ± 0.31abc 

16 09:00 7.11 ± 0.21bcdefgh 

17 09:30 7.01 ± 0.31cdefghi 

18 10:00 7.06 ± 0.37bcdefghi 

19 12:01 

100.00 ± 4.96efg 

95.43 ± 5.41g 

94.00 ± 4.08g 

94.14 ± 5.17g 

108.86 ± 6.12cdefgh 

113.71 ± 6.99cdef 

118.29 ± 13.13cd 

114.71 ± 10.71cde 

99.86 ± 11.24efg 

100.14 ± 5.98efg 

92.27 ± 3.98h 

96.57 ± 3.30g 

94.86 ± 3.62g 

94.71 ± 2.13g 

107.14 ± 7.10cdefg 

120.71 ± 12.39bc 

136.14 ± 19.19ab 

141.14 ± 21.49a 

109.14 ± 5.36cdefg 7.04 ± 0.19bcdefghi 

Observations: #Feeding; Mean values with same superscript letters in a given column are not significantly different, whereas those with different superscript letters 
are significantly (P < 0.05) different as judged by Tukey’s test.  

 
Table 2. Alterations in red blood cells, hemoglobin and hematocrit over a 24-hour period in mares. 

  Biomarker 

Phase Time RBC (x106/µL) HB (g/l) HT (%) 

1 12:00 6,23 ± 0.80j 9.93 ± 1.56g 28.53 ± 4.36h 

2 14:00 6.86 ± 0.54abcdefgh 10.94 ± 1.00abcdefg 31.43 ± 2.85abcdefg 

3 16:00 6.61 ± 0.40defghij 10.60 ± 1.00cdefg 30.41 ± 2.64cdefg 

4# 18:00 6.34 ± 0.54fghij 10.11 ± 1.14fg 29.09 ± 3.08f 

5 18:30 6.78 ± 0.50cdefghij 10.80 ± 0.97abcdefg 31.09 ± 2.67bcdefg 

6 19:00 6.68 ± 0.35cdefghij 10.62 ± 0.75cdefg 30.66 ± 1.91cdefg 

7 19:30 6.55 ± 0.34efghij 10.46 ± 0.53defg 29.97 ± 1.62defg 

8 20:00 6.66 ± 0.18cdefghij 10.59 ± 0.39cdefg 30.53 ± 1.11cdefg 

9 22:00 7.20 ± 0.46abcd 11.44 ± 0.90abcd 33.09 ± 2.85abcd 

10 00:00 7.48 ± 0.50a 11.79 ± 0.87ab 34.36 ± 2.49a 

11 02:00 7.47 ± 0.41ab 11.81 ± 0.88a 34.26 ± 2.35ab 

12 04:00 7.23 ± 0.44abc 11.61 ± 1.00abc 33.53 ± 2.37abc 

13 06:00 7.04 ± 0.41abcde 11.19 ± 0.83abcde 32.26 ± 2.20abcdef 

14# 08:00 6.83 ± 0.44cdefghij 10.79 ± 0.91abcdefg 31.30 ± 2.49abcdefg 

15 08:30 6.80 ± 0.55cdefghij 10.80 ± 1.13abcdefg 31.26 ± 3.18abcdefg 

16 09:00 6.86 ± 0.38abcdefg 10.87 ± 0.58abcdefg 31.49 ± 1.64abcdefgh 

17 09:30 6.63 ± 0.23defghij 10.53 ± 0.53defg 30.46 ± 1.41cdefg 

18 10:00 6.86 ± 0.44abcdfghi 10.87 ± 0.90abcdefg 32.94 ± 3.31abcde 

19 12:01 6.94 ± 0.45abcdef 11.04 ± 0.93abcdef 31.74 ± 2.68abcdefg 

#Feeding; All values are Mean ± s.d.; Mean values with same superscript letters in a given column are not significantly different, whereas those with different 
uperscript letters are significantly (P < 0.05) different as judged by Tukey’s test. s 
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White blood cells, lymphocytes and Red Cell Distribu- 
tion Width (SD/CV) did not vary throughout the test pe- 
riod. 

The activity of erythrocyte glutathione peroxidase va- 
ried over the 24-hour period (Figure 1). This is the first 
time that 24-hour period of this important antioxidant 
biomarker has been demonstrated in mares. The data of 
the present study can be used in subsequent studies of 
GPx in equines. The maximum concentration of GPx was 
observed at 18:00 h (498.5 ± 100.66 IU/g Hb) and the 
minimum values occurred after 22:00 h (417.0 ± 24.19 
IU/g Hb), extending to 8:30 (420.1 ± 39.72 IU/g Hb). 

Smarsh et al. (2010) [16] tested various nutraceuticals 
in exercising horses and concluded that a single dose did 
not produce an effect on either oxidative stress or anti- 
oxidant status. Selenium supplementation affected mare 
and foal plasma, muscle and colostrum Se concentrations, 
but not GPx activity [17]. In the present study, the glu- 
tathione peroxidase did not vary after concentrate sup- 
plementation. 

The lower activity of erythrocyte glutathione peroxi- 
dase in the nocturne period with less muscular activity, 
and in the diurnal period with higher muscular activity, 
was related to normal behavior. This finding suggests 
that the activity of this antioxidant biomarker is not in- 
fluenced by the amount of muscular activity in this 
equine category. Martin et al. (2010) [13] observed that 
while horse activity and behavior may be greatly influ- 
enced by, and in some cases driven by, external envi- 
ronmental factors including interaction with humans. 

However, this activity is significantly influenced by 
endogenous circadian rhythms (rhythms which represent 
the output of cellular autonomous circadian oscillators, 
i.e., 24-h cellular clocks) that exist both centrally (brain) 
and peripherally. 

Moffarts et al. (2004) [18] used the same kit (Ransel) 
as the present study to investigate GPx in healthy Stan- 
dardbred horses and found lower values (around half) of 
this antioxidant biomarker. This result could be partly 
explained by the different times of samples processing (8 
h × 24 h), the breed studied or a different workload. 

Previous studies have demonstrated a depletion of 
equine plasma glutathione peroxidase after exercise [19- 
21] and after foaling [4]. Another study showed that 
training and exercise intensity significantly influenced 
blood antioxidant markers in healthy Standardbred horses 
[18]. 

Uric acid peaked 30 minutes after the first concen- 
trated food supply (phase 5), but no statistically signifi- 
cant difference (P > 0.05) was found between that phase 
and other stages or after the second meal (phase 14). The 
plasma levels of uric acid were not influenced by feeding 
in the present study. 

In phases 9 and 18, lower plasmatic uric acid levels 

were observed, with a 12-hour interval between these 
phases. It has long been known that the kidney is respon- 
sible for more than 70% of urate excretion to promote 
homeostasis [22]. The alternation between the lifting 
phase and the peak and decline in uric acid values over 
twelve hours can be related to the physiological regula- 
tion of this antioxidant biomarker to maintain homeosta- 
sis. 

The concentrate was given to mares immediately after 
phases 4 and 14, and new samplings were taken every 30 
minutes for a total of two hours. Plasma glucose increas- 
ed after meals over the two hours, as previously describ- 
ed in the literature [23-25]. 

There was no change in TPP concentrations after 
meals. The intake of nutrients by concentrate food inges- 
tion did not affect TPP, thereby corroborating the results 
of Greppi et al. (1996) [24], nor did it affect the other 
parameters analyzed, with the exception of glucose. 
Lower values of TPP were observed in phases 7 and 8 
(19:30 and 20:00). On the other hand, higher values were 
recorded at 06:00 (phase 13). Wanderley et al. (2010) [26] 
studied Mangalarga-Marchador horses before, during and 
after exercise and observed possible alterations in plasma 
volume and dehydration, which were probably associated 
with increases in TPP concentration. This result could 
indicate that TPP circadian rhythm follows physiological 
hydric regulation. 

Hematological values were not affected by food sup- 
plementation (Table 2). Higher hematological values 
(Table 2) were recorded previously in a studied with 
athletic horses in a jumping test and at rest [27]. The 
lower values found in the present study could be associ- 
ated to the low levels of exercise performed by the mares. 
RBC, HB, and HT exhibited lower values in phase 1. 
However, this did not occur at the same time period on 
the next day, in the final phase [22]. Lumsden et al. [28] 
related that differences in hematological values could be 
determined by many environmental factors, management 
techniques and the equine category. Hematocrit and he- 
moglobin exhibited the highest values during the dark 
period, which is similar to the other results [24]. 

No alterations were found in RDW-SD, RDW-CV. 
Electronic hematological counters provided additional 
information about the cell volume in routine blood tests. 
This equipment calculates the erythrocyte diameter dis- 
tribution, called Red Blood Cell Distribution Width, 
whose value reflects the degree of heterogeneity between 
the red blood cells through a quantitative analysis [29, 
30]. 

No alterations were found in the number of lympho- 
cytes over the 24-hour period. Calamari et al. [31] dem- 
onstrated that this number was not affected by antioxi- 
dant treatment in white blood cells. 

The values of glutathione peroxidase, uric acid, glu- 
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cose and total plasma protein revealed statistically simi- 
lar results when comparing their initial and final values 
(phases 1 and 19) for each biomarker. On the other hand, 
statistically different results were found between the ini- 
tial and final values of the hematological biomarkers. 

The complexity of regulating the circadian of anti- 
oxidant biomarkers and hematological biomarkers cer- 
tainly cannot be completely demonstrated in a single stu- 
dy and in a certain environmental condition. However, 
this study may help to clarify the circadian rhythm of hors- 
es, in conjunction with other previous and future studies 
[13,24,32-34]. 

4. Conclusion 

The antioxidant biomarkers glutathione peroxidase and 
uric acid exhibited a diurnal variation. This variation was 
also found for plasma total protein and in hematological 
biomarkers, red blood cells, hemoglobin and hematocrit. 
However, white blood cells, lymphocytes and Red Cell 
Distribution Width (RDW-SD and RDW-CV) did not 
vary over time. The results of the present study suggest 
that the time of blood collection may be significant when 
interpreting the hematological and biochemical parame- 
ters of a clinical investigation. 
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