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Abstract-The present investigation was under taken to select a suitable antibiotic for the treatment of 
bovine mastitis by conducting antibiotic sensitivity test with different antibiotics and to evaluate the 
antioxidant property of pigment staphyloxanthin produced by S. aureus against Carbon tetrachloride 
(CCl4) induced stress in albino mice. In this study a total of 20 samples were screened and out of which 
12 samples confirmed Staphylococcus aureus were obtained. The confirmed strains of Staphylococcus 
aureus were subjected to haemolytic activity. α, β and non-haemolytic activities were, 33.33%, 50% and 
16.67% observed respectively among the isolates of Staphylococcus aureus. Antibiotic susceptibility of 
staphylococcus aureus against 5 antibiotics was tested by using standard antibiotic discs. Ceftriaxone 
was found to be the most effective drug and also mice is used as a model to study the antioxidant 
property of staphylococcus aureus pigment against a stress induced by CCl4 in mice. Results showed 
that animals treated with 1ml/kg body weight of CCl4 for 2 days caused a marked rise in the level of  
thiobarbituric acid reactive substances (TBARS) and decreased glutathione Reduced glutathione (GSH), 
Superoxide dismutase (SOD), Catalase (CAT) and Glutathione-S-transferase (GST) levels in the liver, 
kidney and testis tissue homogenates of CCl4 treated mice. Graded doses of Staphylococcus aureus 
pigment Staphyloxanthin successfully prevented the alterations of these effects in the experimental 
mice. 
Key words: Staphylococcus aureus.  Pigment. Antioxidant. CCl4 carotinoid, staphyaloxanthin  
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Introduction  
It has been shown in vitro and in vivo that the 
carotenoid pigment protects the wild type S. 
aureus from hydrogen peroxide and singlet 
oxygen oxidation; as well as neutrophilic or 
phagocytic killing [28]. Furthermore, β-carotene 
has been shown to protect cells and organisms 
against oxidation by having the ability to act as 
a chain-breaking radical scavenger, because 
they are highly reactive to singlet oxygen and 
other radical species including those that are 
produced during oxidative stress [11]. It has 
been suggested that bacterial carotenoids such 
as those expressed by S. aureus could serve a 
protective function against these defense 
molecules [28].  
Carbon tetrachloride is an organic solvent 
which is well known hepatotoxin, induce 
oxidative stress and causes tissue damage. 
The antioxidant activity or the inhibition of the 
generation of free radicals is important in 
providing protection against such hepatic 
damage, search for crude drugs of plant and 
microbial origin with antioxidant activity has 
become a central focus for study of 
hepatoprotection today. In the present study 
the carbon tetrachloride is used to induce 
oxidative stress in swiss albino mice therefore 
the present investigation was under taken to 
evaluate the antioxidant property of pigment 
staphyloxanthin produced by S. aureus against 
CCl4 induced stress in albino mice. 
 
Materials and methods 
Collection of samples 
Milk samples were collected hygienically and 
analyzed for presence of bacteria as described  

 
by Honkanen-Buzalski [21]. The colony 
characteristics of the isolated colonies were 
studied as per the ones which matched with the 
colony characteristics of S. aureus was 
selected for further study. 
 
Phenotypic characterization 
The isolated organisms have been identified 
and studied by carrying out Gram’s staining, 
microscopic observations and biochemical 
tests for catalase, Methyl red – Vogus 
Proskauer test, mannitol fermentation 
coagulase and gelatin tests. The isolates have 
been identified According to the standard 
methods. The confirmed cultures of S. aureus 
were streaked on blood agar plates to study its 
hemolytic pattern. 
 
Antibacterial susceptibility test 
Antibiotic susceptibility screening was done as 
per the guidelines of National Committee for 
Clinical Laboratory Standards (NCCLS). Kirby- 
Bauer’s disc diffusion technique was adapted 
for antibiogram. The antibiotic discs and 
Mueller- Hinton Agar were procured from Hi-
Media, Mumbai. The plates were prepared as 
per the manufacturer’s instructions and 
checked for sterility by incubating the plates 
overnight at 37°C.  
 
Extraction of pigment (staphyloxanthin) 
Extraction of staphyloxanthin pigment was 
done by following the method of [7]. Nutrient 
broth culture was centrifuged at 10,000 rpm for 
15 min and the supernatant was extracted with 
ethyl acetate. The pigment from the cell pellet 
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was extracted with acetone and the extraction 
was centrifuged at 10000 rpm for 15 
minutes.The white pallets were discarded. 
Ethyl acetate fraction and acetone fraction was 
mixed and dried with anhydrous sodium 
sulphate and the extract was evaporated, 
residue is collected and stored in refrigerated 
condition until further use. 
 
Animals  
Ninety days old healthy male swiss albino mice 
weighing 25 – 30 gms were used for the 
experiment. The mice were maintained 
aseptically in laboratory condition (25 ± 2ºC 
and with 12 hrs light/dark cycle) and unlimited 
access to pellet diet “Gold Mohar” (Hindustan 
Lever Ltd., Mumbai) and water throughout the 
study in the animal house, P.G. Department of 
Studies in Zoology, Karnatak University, 
Dharwad. Daily body weights were recorded 
throughout the experiment. 
 
Treatment   
Carbon tetrachloride (CCl4 99%) used in 
experiment was organic solvent procured from 
RANKEM India Pvt., Ltd. The CCl4 was given 
orally in olive oil vehicle (1:1 v/v) according to 
the body weight of mice i.e., 1ml/kg body 
weight/day for 2 days to respective groups.  
The Pigment extract used in the experiment is 
made into solution by olive oil and the graded 
dose of pigment extract of 0.05 ml and 0.1 ml 
was administrated orally to mice of respective 
groups. The experiment was designed to 
determine the effect of pigment extract of 
staphylococcus aureus over CCl4 on weight, 
protein content and oxidative stress parameters 
in respective organs of albino mice being 
tested.  
Animals were divided into 6 groups of 10 
mice each, as follows 
Group A mice were treated with distilled water 
in quantities equivalent to the volume of CCl4 

administrated orally which is used as control. 
The mice in group B were treated with 1 ml/ kg 
body weight of CCl4, the mice in group C were 
treated with CCl4 for two days and were 
additionally treated with pigment extract of 0.05 
ml for 4 days. The mice in group D were 
treated with 1 ml/ kg body weight of CCl4 for 
two days and were additionally treated with 
pigment extract of 0.1 ml for 4 days. The mice 
in group E were treated with 1 ml/ kg body 
weight of CCl4 for two days and were 
additionally treated with pigment extract of 0.05 
ml for 6 days.The mice in group F were treated 
with 1 ml/ kg body weight of CCl4 for two days 
and were additionally treated with pigment 
extract of 0.1ml for 6 days. 
All the experimental animals were autopsied by 
cervical dislocation after 24 hrs of the terminal 
exposure. The organs viz. liver, kidney and 
testes were dissected out weighed to the 
nearest milligrams in digital weighing balance 
(vibra) and were also used for estimations of 
oxidative stress parameters in the albino mice.  
 

Preparation of tissue homogenate 
The tissues were thawed and homogenized in 
10% w/v ice-cold 0.05 M potassium phosphate 
buffer (pH 7.4). The homogenate (0.2 ml) was 
used for TBARS estimation. The homogenate 
(1.0 ml) was mixed with 10% trichloroacetic 
acid (TCA) and centrifuged for tissue GSH 
estimation. The remaining homogenate was 
centrifuged at 40,000 × g for 60 min and the 
supernatant was used for estimations of 
superoxide dismutase (SOD) and catalase 
(CAT) activity.  
 

Estimation of Protein 

Protein content of different tissues in the 
present study was quantified by [26] method. 

Assay of enzymes and non-enzymatic 
antioxidant in the liver, kidney and testes 
homogenate  
Liver SOD activity was assayed as per the 
method [23], catalase by [3], GST by [20], GSH 
by [12] and TBARS by[13]. 
 
Statistical analysis 
The results obtained were analyzed statistically 
by ANOVA following Dunnett`s test (p≤0.05). 
for significance between control and treated 
groups. 
 
Results  
Antibiotic susceptibility of staphylococcus 
aureus 
All colonies of Staphylococcus have shown 
positive results for catalase, mannitol 
fermentation, gelatin hydrolysis, MR-VP and 
coagulase tests. 12 strains of Staphylococcus 
were confirmed as Staphylococcus aureus 
based on conventional methods.  
The confirmed strains of Staphylococcus 
aureus were subjected to haemolytic activity 
test. The haemolytic activities of α, β and non-
haemolytic were, 33.33%, 50% and 16.67% 
respectively was observed among the isolates 
of Staphylococcus aureus. 
The results of the present study suggests that 
the antibiotic susceptibility testing of 
Staphylococcus aureus to various antibiotics 
revealed higher resistance to ciprofloxacin 
followed by ampicillin and the lower resistance 
was shown in ceftriaxone, methicillin and 
vancomycin.  
 
Antioxidant activity of staphylococcus 
aureus pigment staphyloxanthin 

The data obtained in the present investigation 
revealed that the level of protein contents in 
liver, kidney and testes was decreased in the 
mice treated with CCl4. there was a gradual 
increase in the level of protein in liver, kidney 
and testes in the mice treated with SP along 
with CCl4, (table.1)  
 
Oxidative stress parameters of organs in 
mice after exposure to carbon tetrachloride 
(CCl4) and staphyloxanthin pigment (SP) 
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Effect on GSH level of liver, kidney and testes 
for all experimental groups are shown in table 
2, 3 and 4 respectively. In the present study 
CCl4 treatment caused significant decrease in 
GSH level in liver, kidney and testes tissue. 
Whereas, in the mice receiving SP along with 
CCl4 showed gradual increase in the level of 
GSH.  
Effect on TBARS level of liver, kidney and 
testes for all experimental groups are shown in 
table 2, 3 and 4 respectively. In the present 
study CCl4 treatment caused significant 
increase in TBARS level of liver and kidney 
tissue, whereas CCl4 treatment along with SP 
showed decrease in the level of TBARS.                                    
The activity of SOD, CAT and GST in liver, 
kidney and testes tissue homogenates are 
shown in table 2, 3 and 4 respectively. The 
activity of SOD, CAT and GST in liver, kidney 
and testes tissue homogenates of CCl4 treated 
mice was considerably reduced, whereas, in 
the mice treated SP along with CCl4 showed an 
increase in SOD, CAT and GST activity.  
 
Discussion  
The in vitro antibiotic susceptibility of a 
pathogen may not be necessarily indicate 
successfulness. But antibiotic resistance can 
be interpreted as high probability failure of 
treatment. Absence of prophylactic agents and 
chemotherapy continues to play a major role in 
therapeutic management of treatment. The 
emergence of antimicrobial resistance among 
pathogens that affects animal health is of 
growing concern in veterinary medicine. 
Antimicrobial resistant of pathogens in animals 
have been considered as a potential health risk 
for humans from possible pathogens. The 
above findings clearly indicate that intermittent 
changing pattern of antibiotic susceptibility 
against S.aureus may be ascribed to the extent 
of different antibiotics to be used from locality 
to locality. From our study, it is clear that 
methicillin is the most sensitive 
chemotherapeutic agent. Therefore it is 
compulsory that antibiogram investigation is to 
be made from time to time in a locality to be on 
the lookout for the most effective antibiotic 
against the existing mastitogens i.e., bacteria. 
The proportion of isolates that were resistant to 
the antimicrobial agents tested were within the 
range of other findings reported from Germany 
using the same breakpoints [48, 49].  
 
Antioxidant activity of staphylococcus 
aureus pigment staphyloxanthin 
The results indicate that SP could be used as 
effective protector against CCl4 induced stress 
in mice. Evidence suggests that reactive 
metabolite of CCl4 is trichloromethyl radical (-
CCl3) which is known to be formed from the 
metabolic conversion of CCl4 by cytochrome P-
450. As O2 tension rises, a greater fraction of -
CCl3 present in the system reacts very rapidly 
with O2 and high reactive free radical, -CCl3OO 
is generated from -CCl3 [34].  These free 
radicals initiate the peroxidation of cell 

membrane poly-unsaturated fatty acids (PUFA) 
[38] and covalently bind to microsomal lipids 
and proteins [47]. The obtained results 
coroborated with other studies [36] who found 
that xenobiotic compounds decreased total 
serum proteins in treated animals. They also 
reported that albumin (A) content was 
decreased while the globulins (G) were 
increased in the same. It has been reported 
[41] a decrease in protein content of blood of 
xenobiotic intoxicated animals (fish), and 
suggested that the decline in protein level 
indicates the physiological adaptability to 
compensate for xenobiotic compound stress in 
fish. To overcome the stress, the animals  use 
more energy, which leads to stimulation of 
protein catabolism. Therefore, in present 
findings the decrease in the protein content 
may be due to the intoxication of free radicals. 
This can be rectified by the treatment of SP 
through its antioxidant property. 
 
Oxidative stress parameters of organs in 
mice after exposure to carbon tetrachloride 
(CCl4) and staphyloxanthin pigment (SP) 
The result indicates that SP acts as a 
protective agent against CCl4 toxicity. It has 
been reported that treatment of CCl4 reduces 
the level of GSH in liver and kidney. Treatment 
with aqueous extract of Terminalia arjuna and 
vitamin E along with CCl4 showed recovery in 
the level of GSH in mice [37]. It has been also 
suggested that GST binds to liophilic 
compounds and acts as an enzyme for GSH 
conjugation reactions [6]. Decrease in GSH 
level during CCl4 toxicity might be due to the 
decreased availability of GSH that resulted 
during the enhanced lipid peroxidation. It has 
been reported that administration of Withania 
root extracts in mice increase the activity of 
mainly phase II enzymes such as SOD, CAT, 
GST and GSH level [8].  It has been reported 
that exclusive exposure of animals to man 
made chemicals  triggered a decrease in the 
GSH content in rat liver and kidney only in the 
first period after intoxication (up to the 24th h). 
However, a greater decrease was observed 
after mixed intoxication. Corresponding results 
were obtained earlier [51] who used a 
concentrate of technical grade of xenobiotic 
compounds. It has been reported that in 
transgenic mice may be explained by the rapid 
depletion of GSH in response to xenobiotic 
exposure [47]. This GSH depletion may result 
from participation of GSTs in the removal and 
reduction of (hydro) peroxides at the expense 
of GSH utilization. In the present study, it has 
been observed that administration of SP along 
with CCl4 could prevent the CCl4 induced 
stress. The decreased level of GSH in CCl4 

treated mice may be due to the decreased 
availability of GSH that resulted during the 
enhanced lipid peroxidation. GSTs Participate 
in the removal and reduction of (hydro) 
peroxides at the expense of GSH utilization. 
The increased level of GSH in SP along with 
CCl4 treated mice may be due to the increase 
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in the activity of mainly phase II enzymes that 
helps in the detoxification.  
It has been suggested that treatment with CCl4 
increased the level of TBARS in liver and 
kidney and treatment with aqueous extract of 
Terminalia Arjuna and vitamin E along with 
CCl4 showed recovery in the level of TBARS in 
mice [38]. It has been reported that metabolism 
of CCl4 by cytochrome P450 initiate free radical 
– mediated lipid peroxidation leading to 
accumulation of lipid peroxidation products that 
cause tissue injury. These radicals are capable 
of initiating a chain of lipid peroxidation reaction 
by binding covalently to microsomal lipids 
protein which can cause change in biological 
membranes, resulting in severe tissue damage. 
The evidence suggests that the modulatory 
effect of the plant extracts on the detoxification 
enzymes and reduction of lipid peroxidation in 
tissue. Xenobiotic chemicals have also been 
reported to have high mammalian toxicity, and 
the main target organs are brain, liver, skeletal 
muscles, and heart [20]. It has been previously 
reported that chronic exposure to these 
chemicals is responsible for the oxidative injury 
leading to perturbations in membrane structure 
and functions [26]. It was also observed the  
increase in lipid peroxidation in skeletal 
muscles after exposure to these chemicals and 
has attributed this increase due to increased 
formation of reactive oxygen and nitrogen 
species [32]. Several studies with liver, brain, 
kidney and testes indicate that many of man 
made chemicals cause oxidative stress [40, 23, 
41, 1, 16, 45]. Lipid peroxidation has been 
shown to increase in plasma and some tissues 
in xenobiotic intoxication [36, 4, 16, 5]. Studies 
indicate that pesticide intoxication produce 
oxidative stress by the generation of free 
radicals and induce tissue lipid peroxidation in 
mammals and other organisms [11]. The 
present study showed that treatment of CCl4 
increased the level of TBARS may be due to 
the generation of free radicals and the 
treatment of SP along with CCl4 decreased the 
level of TBARS. This indicates that SP exerted 
a therapeutic effect on CCl4 induced stress in 
mice, possibly through its antioxidant action 
and may be due to the modulatory effects of 
SP.  
That treatment with CCl4 reduces the level of 
catalase in liver and kidney. The treatment of 
aqueous extract of Terminalia Arjuna and 
vitamin E showed recovery in the level of SOD, 
CAT and GST in mice [38]. It has been 
reported that SOD, CAT and GST constitute a 
mutually supportive team of defense against 
ROS. The decreased activity of SOD in liver 
and kidney in CCl4 treated mice may be due to 
the enhanced lipid peroxidation or inactivation 
of the antioxidative enzymes. This would cause 
an increased accumulation of superoxide 
radicals, which could further stimulate lipid 
peroxidation. Evidences suggest that body has 
an effective mechanism to prevent and 
neutralize the free radical induced damage. 
This is accomplished by a set of endogenous 

antioxidant enzymes, such as SOD, CAT and 
GST. GPx converts toxic lipid hydroperoxides 
and using reducing equivalents generated by 
G6PDH [17]. Investigations [17] indicated that 
mammalians have a good defense mechanism 
for lipid peroxidation because it can increase 
the hepatic CAT activity when needed. CAT is 
generally localized in peroxisomes and 
therefore, its role in the other parts of the cell is 
limited. In particular, H2O2 at low concentration 
is destroyed by this enzyme [26, 2, 35]. Indeed, 
GST participates in pollutant detoxification by 
adding a GSH-group to xenobiotics or their 
metabolites. Hence they become more waters 
soluble and, thus, excreted more easily [34]. In 
the present study, decline in the level of 
antioxidant enzymes like SOD, CAT and GST 
observed in CCl4 treated mice is a clear 
manifestation of excessive formation of free 
radicals and activation of lipid peroxidation 
system resulting in tissue damage. The 
increased level of SOD, CAT and GST may be 
due to the increase in the activity of mainly 
phase II enzymes that helps in detoxification. 
The decrease in concentration of SOD, CAT 
and GST in mice treated with CCl4 may be due 
to enhanced lipid peroxidation or inactivation  
of the antioxidant enzymes and increase in the 
concentration of these constituents in tissues of 
mice treated with SP along with CCl4 indicate 
antioxidant effect of SP. Further investigation is 
essential to fully characterize the responsible 
active principles present in the S.aureus 
pigment extract and understand its possible 
mechanism of action on CCl4 induced toxicity in 
mice. 
 
Conclusion 

The present study demonstrated that the 
existence of alarming level of resistance of 
frequently isolated mastitis bacteria to 
commonly used antimicrobial agents in the 
farms where study was undertaken. Therefore, 
it is very important to implement a systematic 
application of an in vitro antibiotic susceptibility 
test prior to the use of antibiotics in both 
treatment and prevention of intra-mammary 
infections. In this study it has also been 
demonstrated that Staphylococcus aureus, 
which contain a yellow pigment called 
staphyloxanthin belonging to the precursor of 
beta carotene may act as an antioxidant which 
prevents CCl4 induced toxicity in liver, kidney 
and testis in mice. 
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Table 1- Effect on organs protein contents in mice after exposure to carbon tetrachloride (CCl4) and 
staphyloxanthin pigment (SP) 

 
Group 

 
Treatment 

 
protein contents (µg / mg wet weight of tissue) 

liver kidney testes 

A  control 245.40 ± 3.06 261.70 ± 6.70 192.06 ± 4.40 

B  CCl4 167.75 ± 5.70* 161.01 ± 6.89* 159.11±2.5* 

C  CCl4 + SP 0.05 ml for 4 days 196.52±4.1* 186.32±5.32* 165.23 ±2.61* 

D  CCl4 + SP 0.1 ml for 4 days 209.21±4.11 206.44±5.62 171.54 ±3.12 
E  CCl4 + SP 0.05 ml for 6 days 231.57±3.61 228.56±2.48 183.22 ±4.01 

F  CCl4 + SP 0.05 ml for 6days 249.62±3.46 257.24±2.33 190.20 ±4.00 

 
Table 2- Oxidative stress parameters of liver in mice after exposure to carbon tetrachloride (CCl4) and 

staphyloxanthin Pigment (SP)  
 

grou
 

 

Treatment 
 

Antioxidant Oxidative 
stress 

byproducts 

Oxidative stress enzymes 

GSH 
a
 TBARS 

b
 Catalase 

c
 SOD 

d
 GST e

 

A Control 10.00 ± 0.20 0.180  ± 0.015 150.0 ± 0.002 38.00 ± 
0.0.070 

4.500 ± 0.04 

B CCl4  6.45 ± 0.165* 0.618 ±  0.003* 56.20 ± 1.544* 19.75 ± 
0.263* 

2.130 ± 0.024* 

C CCl4 + SP 
0.05 ml for 4 

days 

8.22 ± 0.179* 0.422 ± 0.004* 82.47 ± 1.289* 33.68 ± 
0.267* 

3.050 ± 0.064* 

D CCl4 + SP 0.1 
ml for 4 days 

9.47 ± 0.226 0.267 ± 0.004* 104.5 ± 2.47* 36.94 ± 
0.073* 

3.405 ± 0.411* 

E CCl4 + SP 
0.05 ml for 6 

days 

11.18 ± 
0.208* 

0.222 ± 0.004* 126.50 ± 1.70* 38.55 ± 
0.212 

3.805 ± 0.411* 

F CCl4 + SP 0.1 
ml for 6 days 

13.00 ± 
0.187* 

0.176 ± 0.004* 146.40 ± 0.355 40.13 ± 
0.319* 

4.235 ± 0.079* 

 
a GSH u mol/ mg protein      b TBARS u mol /mg protein      c  CAT µmole/min/mg protein  H2O2                                             
d SOD u/mg protein            e GST µmole/min/mg protein      
 Values are mean± SEM of 10 animals                             * Significant P ≤ 0.05 compared to control
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Table 3- Oxidative stress parameters of kidney in mice after exposure to carbon tetrachloride (CCl4) and 
staphyloxanthin pigment (SP) 
Group 

 
Treatment 

 
Antioxidant Oxidative 

stress 
byproducts 

Oxidative stress enzymes 

GSH 
a
 TBARS 

b
 Catalase 

c
 SOD 

d
 GST e 

 
A 
 

Control 7.80 ± 0.25 0.195 ± 0.01 33.00 ± 
0.201 

52.00 ± 
0.80 

0.85 ± 
0.004 

 
B 

 
CCl4   

 
4.53 ± 0.19* 

 
0.616 ± 0.003* 

 
18.11 ± 
0.133* 

 
37.07 ± 
0.75* 

 
0.44 ± 
0.006* 

 
C 

 
CCl4 + SP 0.05 
ml for 4 days 

 
6.010 ± 0.07* 

 
0.425 ± 0.002* 

 
21.92 ± 
0.165* 

 
41.30 ± 
0.85* 

 
0.52 ± 
0.004* 

 
D 

 
CCl4 + SP 0.1 
ml for 4 days 

 
6.97 ± 0.055* 

 
0.260 ± 0.00* 

 
24.58 ± 
0.203* 

 
47.35 ± 
0.50* 

 
0.65 ± 
0.012* 

 
E 

 
CCl4 + SP 0.05 
ml for 6 days 

 
7.62 ± 0.15 

 
0.230 ± 0.00* 

 
27.67 ± 
0.247* 

 
50.22 ± 

0.64 

 
0.81 ± 
0.005* 

 
F 

 
CCl4 + SP 0.1 
ml for 6 days 

 
8.24 ± 0.10 

 
0.212 ± 0.002* 

 
31.40 ± 
0.219* 

 
54.95 ± 
0.10* 

 
0.83 ± 
0.001 

 
a GSH u mol/ mg protein      b TBARS u mol /mg protein      c  CAT µmole/min/mg protein  H2O2                                             
d SOD u/mg protein            e GST µmole/min/mg protein      
Values are mean± SEM of 10 animals                             * Significant P ≤ 0.05 compared to control 
 
 
         Table 4- Oxidative stress parameters of testes in mice after exposure to carbon tetrachloride 

(CCl4) and staphyloxanthin pigment (SP) 
 

gro
 

 

Treatment 
 

Antioxidant Oxidative 
stress 
byproducts 

Oxidative stress enzymes 

GSH 
a
 TBARS 

b
 Catalase 

c
 SOD 

d
 GST e

 

A 
 

 
control 

 
8.80 ± 0.012 

 
0.210 ± 0.0027 

 
42.00 ± 

0.01 

 
33.00 ± 
0.152 

 
0.685 ± 
0.003 

 
B 

 
CCl4 25 µl 

 
8.08 ± 0.031* 

 
0.205 ± 0.0004 

 
40.11 ± 
0.11* 

 
28.72 ± 
0.262* 

 
0.672 ± 
0.0020* 

 
C 

 
CCl4 + SP 0.05 
ml for 4 days 

 
8.30 ± 0.019* 

 
0.207 ± 0.002 

 
41.13 ± 
0.068* 

 
30.75 ± 
0.351* 

 
0.674 ± 
0.0021* 

 
D 

 
CCl4 + SP 0.1 
ml for 4 days 

 
8.50 ± 0.027* 

 
0.200 ± 0.00* 

 
42.29 ± 
0.207 

 
32.77 ± 
0.417 

 
0.683 ± 
0.0017 

 
E 

 
CCl4 + SP 0.05 
ml for 6 days 

 
8.64 ± 0.016* 

 
0.187 ± 0.002* 

 
44.62 ± 
0.196* 

 
34.13 ± 
0.158* 

 
0.691 ± 
0.0007* 

 
F 

 
CCl4 + SP 0.1 
ml for 6 days 

 
8.87 ± 0.021 

 
0.179 ± 
0.0004* 

 
46.47 ± 
0.218* 

 
35.47 ± 
0.188* 

 
0.696 ± 
0.0007* 

 
a GSH u mol/ mg protein      b TBARS u mol /mg protein      c  CAT µmole/min/mg protein  H2O2                                             
d SOD u/mg protein            e GST µmole/min/mg protein      
Values are mean± SEM of 10 animals                            * Significant P ≤ 0.05 compared to control 


