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Summary 

Considering the preexisting influence of the process of natural 

aging on antioxidant enzymes activity and the level of lipid 

peroxidation, the age of the rats at which D-galactose (D-gal) 

treatment is started could strongly impact the development of 

D-gal induced senescence. To evaluate this, we subjected 1, 3 

and 15 months old rats to D-gal treatment in parallel with having 

appropriate placebos (0.9 % saline). Our results showed elevated 

glutathione peroxidase (GPx) activity and no significant changes 

in superoxide dismutase (SOD), catalase (CAT) and glutathione 

reductase (GR) activity or malondialdehyde (MDA) levels in 

relation to natural aging. In mature and aged senescent livers 

we observed positive correlation between increased ratio 

R=SOD/(GPx+CAT) and increased MDA concentration. MDA 

levels seemed to correlate positively with the age of the animals 

at which D-gal treatment had started. In the case of 3 and 

15 months old rats there was D-gal induced decrease in SOD and 

GR activity, but this effect of the treatment was not observed in 

1 month old rats. Our results imply that the changes in the 

antioxidant enzyme activities are not only under the influence of 

the D-gal overload, but also depend on the developmental stage 

of the rats. According to our results, with regard to enzymatic 

antioxidant capacity and the level of lipid peroxidation, the best 

age for induction of senescence is somewhere after the third 

month. 
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Introduction 

Aging is a multifactorial process associated with 

physiological decline. There is a substantial amount of 

data supporting the positive relation between the process 

of aging and the progressive decline in antioxidant 

function combined with increased mitochondrial ROS 

(reactive oxygen species) generation and increased 

accumulation of oxidant products (Tian et al. 1998, 

Kasapoglu and Ozben 2001, Navarro et al. 2004). Some 

of these products are generated by the process of lipid 

peroxidation that involves the oxidative deterioration of 

polyunsaturated fatty acids from the cell membranes 

(Mladenov et al. 2006). The ROS-derived unstable lipid 

peroxides disintegrate to different products including 

carbonyl compounds like malondialdehyde (MDA). The 

measurement of MDA is a reliable method for assessment 

of the level of lipid peroxidation and it is one of the most 

important biomarkers of aging (Pandey and Rizvi 2010).  

On the other hand, the most important line of 

defense is represented by the main antioxidant enzymes. 

The three isoforms of superoxide dismutase (SOD) are 

responsible for the elimination of superoxide anions, the 

most abundant form of ROS, produced mainly during 

electron transfer in the mitochondrial respiratory chain 

(Halliwel 1991). As a result of this action, hydrogen 
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peroxide is generated and it can be further neutralized by 

the activity of catalase (CAT). Hydrogen peroxide can be 

reduced by glutathione peroxidase (GPx), an enzyme that 

functions as part of the glutathione cycle, along with 

glutathione reductase (GR). However, conflicting results 

do exist and the association between antioxidant status, 

lipid peroxidation and aging, seems to display variations 

depending on the species, strain, sex and examined 

organs of the experimental animals (Rikans and 

Hornbrook 1997). 

Animal models provide valuable research tools 

toward a better understanding of the mechanisms 

underlying aging. A process very similar to natural 

aging can be induced by chronic administration of 

D-galactose (D-gal) (Ho et al. 2003). An oversupply of 

D-gal leads to its conversion to D-galacto-hexodialdose 

and hydrogen peroxide by galactose oxidase and to 

galactitol by action of aldose reductase (Ho et al. 2003). 

These products can accumulate in cells, which in turn 

causes osmotic and oxidative stress that may account for 

the acceleration of aging (Kumar et al. 2011). Hence 

rodents treated with D-gal can be used as an animal 

model for oxidative stress. That is based on one of the 

proposed mechanisms of D-gal induced senescence, 

known to involve increased production of oxidants, 

changes in antioxidant enzymes activity and 

accumulation of oxidative damage (Wei et al. 2005, He 

et al. 2009). The described processes could be 

responsible for altered antioxidant capacity and 

increased MDA production, which has been registered 

in studies involving D-gal induced aging (Anand et al. 

2012, Banji et al. 2013, Liu et al. 2013). Most of the 

studies involving D-gal accelerated aging are performed 

using mice and less frequently rats as experimental 

animals, and they are mainly focused on the 

neurodegenerative changes. 

In view of the relative lack of data regarding  

D-gal induced aging in rats and considering the 

preexisting influence of the process of natural aging on 

antioxidant enzymes activity, we hypothesized that the 

age of the rats at which D-gal treatment is started, could 

strongly impact the development of D-gal induced 

senescence. This might lead to animal models with 

varying antioxidant status, irrespective of the equal D-gal 

dose and treatment duration. Therefore, one of the aims 

of our study was to provide data about the antioxidant 

enzymes activity in rats of different age, subjected to both 

natural and D-gal induced aging. We also determined the 

concentration of MDA, to confirm the impact of altered 

enzymatic antioxidant capacity on the level of lipid 

peroxidation in the liver and kidney of the experimental 

animals, since these tissues are both metabolically active 

and show age-related increase in the level of lipid 

peroxidation products (Ward 2005). 

Furthermore, taking into account our previous 

studies (Hadzi-Petrushev et al. 2011, Stojkovski et al. 

2013), where we published that sensitivity to free radicals 

apparently depends on the equilibrium between the 

formation of hydrogen peroxide from superoxide (in the 

dismutation reaction catalyzed by SOD) and its 

degradation by GPx and CAT, rather than on the 

activities of individual antioxidant enzymes, we lay down 

the basis for the second aim of this study, which is to 

investigate the relationship between the ratio of activities 

of antioxidant enzymes R=SOD/(GPx+CAT) and the 

levels of MDA in the liver and kidney of D-gal treated 

rats. Additionally, considering the sex-dependent 

reactions on various stressors, the presented methods 

could also be important in further studies regarding the 

development of D-gal induced senescence in rats of 

different gender. 

 

Material and Methods 
 

Animals and experimental design 

All experimental procedures were conducted in 

accordance with the Guiding Principles for Care and Use 

of Laboratory Animals approved by the Macedonian 

Center for Bioethics. All protocols were approved by the 

Animal Ethics Committee of the University “Ss. Cyril 

and Methodius”, Skopje, R. Macedonia, in accordance 

with the International Guiding Principles for Biomedical 

Research Involving Animals. Anesthetics were applied 

according to the standards given by the guide of the EC 

Directive 86/609/EEC. Animals were anesthetized with 

an intraperitoneal injection of thiopental sodium (Rhone-

Poulenc Rorer Limited, Nenagh, Co Tipperary, Ireland), 

50 mg kg-1 b.wt. Male Wistar rats (n=48) were used for 

all protocols and were maintained on a 12:12 light:dark 

cycle and fed with standard rat chow and water ad 

libitum. 

All animals were divided into six groups (each 

containing 8 rats) depending on their age and treatment 

with D-gal. The process of induction of aging usually 

involves administration of 50-500 mg/kg D-gal for  

6-8 weeks (Kumar and Rizvi 2014). Three groups 

consisted of placebo (0.9 % saline, 1.5 ml daily, 

subcutaneous) rats, at the age of 1 month (“young”), 
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3 months (“mature”) and 15 months (“aged”). The other 

three groups of animals, starting at the same age, for 

42 consecutive days were treated with D-galactose 

(Sigma, St Louis, MO, USA), 300 mg kg-1 b.wt., 

subcutaneous, daily. 

 

Tissue preparation 

The livers and kidneys were excised during 

laparotomy. Immediately upon collection all tissue 

samples were washed with physiological salt solution and 

then were snap-frozen in liquid nitrogen and stored at  

–80 °C until further analysis. 

 

Assay for SOD activity 

SOD activity was determined according to the 

method described by Marklund and Marklund (1974), 

based on the ability of SOD to inhibit the autooxidation 

of pyrogallol. The reaction mixture consisted of 50 mM 

Tris-HCl, pH 8.2, 1 mM diethylenetriamine pentaacetic 

acid and sample. The reaction was initiated by the 

addition of pyrogallol (final concentration of 0.2 mM) 

and the absorbance measured kinetically at 420 nm, 

25 °C, for 3 min. One unit of activity is defined as the 

amount of sample needed to inhibit pyrogallol oxidation 

by 50 %. The final results were expressed as U/mg 

protein. 

 

Assay for CAT activity 

CAT activity was determined by measuring the 

degradation of hydrogen peroxide (H2O2), using the 

method described by Claiborne (1985). The reaction 

mixture (1 ml) consisted of 50 mM potassium phosphate 

buffer, pH 7.0, 19 mM H2O2 and sample. The reaction 

was initiated by the addition of H2O2 and the change in 

absorbance was followed at 240 nm, 25 °C, for a time 

period of 30 s, taking measurements at 5 s intervals. In 

those conditions, the molar extinction coefficient 

for H2O2 is 43.6 M-1 cm-1. The activity of CAT was 

expressed as U/mg protein, with one unit of activity 

being equal to the conversion of 1 µmol H2O2 per 

minute. 

 

Assay for GPx activity 

The activity of GPx was determined according to 

the method described by Lawrence and Burk (1976). The 

activity was assayed by following the oxidation of 

NADPH at 340 nm for 3 min, 25 °C, in the presence of 

GR and GSH. The reaction mixtures containing 50 mM 

potassium phosphate, pH 7.0, 1 mM sodium azide, 2 mM 

GSH, 0.2 mM NADPH, 1 U/ml GR, 1.5 mM cumene 

hydroperoxide and sample, were incubated at 25 °C for 

5 min. The reaction was initiated by the addition of 

cumene hydroperoxide. One unit of activity was defined 

as the oxidation of 1 μmol of NADPH per minute. Final 

results were expressed as U/mg protein. 

 

Assay for GR activity 

The rate of oxidation of NADPH by GSSG at 

30 °C was used as a measure of GR activity (Racker 

1955). The reaction system contained 1 mM GSSG, 

0.1 mM NADPH, 0.5 mM EDTA, 100 mM potassium 

phosphate buffer, pH 7.5, and sample. The oxidation of 

1 μmol of NADPH per minute was defined as a unit of 

GR activity. The specific activity was expressed as 

mU/mg protein.  

The protein content of the liver and kidney 

samples was determined using the method described by 

Lowry et al. (1951). 

 

Malondialdehyde assay 

The lipid peroxides were estimated in the liver 

and kidney homogenates using the thiobarbituric acid 

(TBA) reactive substances tests, described by  

Ohkawa et al. (1979). After the addition of 8.1 % sodium  

dodecyl sulfate, each sample or standard (1,1,3,3-

tetraethoxypropane solution) was vortexed and left at 

room temperature for 10 min. At the end of the 

incubation period, 20 % acetic acid and 0.6 % 

thiobarbituric acid were added and the test tubes were 

placed in a water bath at 90-95 °C for 1 h. After that, they 

were cooled on ice and the colored supernatant was 

obtained by adding a mixture of butanol:pyridine (15:1), 

vortexing and centrifuging. The absorbance was 

measured at 535 nm. The results were expressed as nmol 

MDA per g tissue. 

 

Statistical analysis 

Results are presented as means ± standard error 

(SE). The effects of D-gal treatment and aging were 

assessed using One-way analysis of variance (ANOVA). 

The post-hoc test of Tukey was performed in selected 

instances to evaluate further differences between group 

pairs. Correlations were expressed using the Pearson’s 

product-moment correlation coefficient. All analyses 

were performed with GraphPad Prism 4.0 (San Diego, 

CA, USA). p<0.05 was considered statistically 

significant. 
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Results 
 

Influence of aging and D-gal treatment on SOD activity 

in liver and kidney 

The process of natural aging did not cause 

significant changes in SOD activity in both liver and 

kidney, according to the results obtained when comparing 

the activity of SOD in young placebo (YP) to mature and 

aged placebo rats (MP and AP, respectively). The 

treatment with D-gal led to significant decrease in SOD 

activity, in both liver and kidney of mature and aged rats, 

but there were no significant changes in the examined 

tissues of young animals. This was concluded by 

comparing the SOD activity in the liver of MP to MT 

(mature treated) rats (p<0.001), as well as SOD activity 

in the liver of AP to AT (aged treated) animals (p<0.001). 

The same effect of the treatment was observed when 

making the equivalent comparisons in kidney (MP to 

MT, p<0.05 and AP to AT, p<0.01). Additionally, in the 

young kidney, the lack of effect of D-gal treatment, was 

further supplemented by the significantly higher SOD 

activity in YT (young treated) compared to MT and AT 

rats (p<0.01 in both cases) (Fig. 1). 

 
 

Fig. 1. Superoxide dismutase activity in 
liver and kidney (SOD, mean ± SE).  
YP – young placebo treated, YT – young  
D-gal treated, MP – mature placebo 
treated, MT – mature D-gal treated,  
AP – aged placebo treated, AT – aged D-gal 
treated.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Catalase activity in liver and kidney 
(CAT, mean ± SE). Abbreviations for groups 
are the same as in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Influence of aging and D-gal treatment on CAT activity 

in liver and kidney 

There were no significant differences in CAT 

activity in the liver between the groups of YP, MP and 

AP, respectively. The same situation was observed in the 

kidney, confirming the nonappearance of significant 

effects of the process of natural aging on CAT activity. 

Similarly, the treatment with D-gal failed to cause 

significant changes to CAT activity in the liver and 

kidney, regardless of the age of the rats at the beginning 

of the treatment. However, CAT activity in the liver of 

MT was significantly higher compared to the activity in 

the liver of YT animals (p<0.05) (Fig. 2). 
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Influence of aging and D-gal treatment on GPx activity in 

liver and kidney 

The effect of natural aging on GPx activity was 

evident only in the kidney, when comparing the activity 

in YP to AP rats (p<0.001) and MP to AP rats (p<0.01). 

Increased GPx activity was also observed due to D-gal 

treatment in the liver of MT and AT rats (p<0.05 in both 

cases) and in the kidney of MT (p<0.05). YT had GPx 

activity in the liver and kidney that was not significantly 

different than the activity in the appropriate placebo 

groups. Moreover, GPx activity in the liver of YT rats 

stayed significantly lower compared to the activity in MT 

and AT animals (p<0.001 and p<0.01, respectively). In 

the kidney, GPx activity in YT rats was also significantly 

lower than the activity in MT and AT rats (p<0.001 in 

both cases) (Fig. 3).  
 
 

Fig. 3. Glutathione peroxidase activity in 
liver and kidney (GPx, mean ± SE). 
Abbreviations for groups are the same as in 
Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. Glutathione reductase activity in 
liver and kidney (GR, mean ± SE). 
Abbreviations for groups are the same as in 
Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Influence of aging and D-gal treatment on GR activity in 

liver and kidney 

The data presented on Figure 4, demonstrated 

that GR activity in the liver and kidney did not change 

significantly with the age. The treatment with D-gal, 

resulted in a significant decrease in GR activity in the 

livers of MT rats (p<0.05) and in the kidney of MT and 

AT animals (p<0.05 in both cases). GR activity in the 

liver and kidney of YT rats did not change significantly 

compared to the placebo groups and at the same time 

was not significantly different than GR activity in the 

MT and AT rats. 

 

Influence of aging and D-gal treatment on liver and 

kidney MDA levels  

The results from our study showed that the 

effects of the process of natural aging were not strong 

enough to cause significant changes in MDA levels in 

both liver and kidney. Quite differently, the treatment 

with D-gal led to a significant increase in MDA 
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concentration in the liver and kidney of MT (p<0.001 for 

liver and p<0.05 for kidney) and AT rats (p<0.001 for 

both). This effect of D-gal treatment was not observed in 

the examined tissues of young rats. The MDA levels 

seemed to correlate positively with the age of the animals 

at which treatment with D-gal had started. Hence, YT and 

MT rats had significantly lower MDA levels in the liver, 

compared to AT (p<0.001 in both cases). In the kidney, 

MDA concentrations in MT and AT rats did not differ 

significantly, but both were higher than the concentration 

in YT rats (p<0.001 for both) (Fig. 5). 

 
 

Fig. 5. Malondialdehyde levels in liver and 
kidney (MDA, mean ± SE). Abbreviations 
for groups are the same as in Figure 1. 
 

 

 

 

 

 

 

 

 

 

 

 
 
 

Table 1. Ratio R=SOD/(GPx+CAT). 
 

Group R-Liver R-Kidney 

Young placebo (YP) 0.4300 0.3500 

Young treated (YT) 0.4711 0.3636 

Mature placebo (MP) 0.6669 0.4294 

Mature treated (MT) 0.8458 0.5108 

Aged placebo (AP) 0.5802 0.6273 

Aged treated (AT) 0.7514 0.4995 

 
* Ratio of enzyme activities R=SOD/(GPx+CAT), represents 
equilibrium between formation of hydrogen peroxide from 
superoxide dismutation and its decomposition by other enzymes 
(GPx and CAT).  

 
 

The relationship between antioxidant enzymes in liver 

and kidney 

Changes in the equilibrium between the 

formation of hydrogen peroxide from superoxide 

dismutation and its decomposition by other enzymes 

(GPx and CAT) are expressed by the ratio 

R=SOD/(GPx+CAT) (Table 1). This ratio was 

significantly different when the values for MT and AT 

livers (p=0.002) and kidneys (p=0.011) were compared to 

the values of their placebo counterparts. In AT liver, this 

tendency was additionally corroborated by a positive 

correlation between SOD and CAT (r=0.841, p=0.036). 

Significant positive correlations between the levels of 

lipid peroxidation products (MDA) and the value of the 

ratio R were observed in MP livers (r=0.983, p=0.0004) 

and kidneys (r=0.869, p=0.024) and AP livers only 

(r=0.865, p=0.026). Moreover, the positive correlations 

between the liver ratio R and MDA in mature (r=0.841, 

p=0.036) and aged placebo rats (r=0.946, p=0.004), were 

persistent even after the treatment with D-gal (r=0.872, 

p=0.025; r=0.912, p=0.01, respectively). On the other 

side, the negative correlation between MDA and SOD 

(r= −0.958, p=0.002) in YT liver and MDA vs CAT 

(r= −0.916, p=0.01) in MT liver, once again potentiate 

the disintegrative potential of the D-gal on antioxidant 

equilibrium. In the kidneys, there were no significant 

correlations among studied variables after treatment with 

D-gal. 

 

Discussion 
 

The examined parameters were aimed to give us 

insight into whether the age of the rats at the start of  

D-gal treatment should be taken into consideration, 

regarding the antioxidant status of the subsequently 

established animal models of aging. In contrast to the 

general consensus, our results showed no significant 

changes in the examined antioxidant status (SOD, CAT 

and GR activity) in function of natural aging. 
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Additionally, GPx activity was higher in mature and aged 

rats compared to the group of young animals. In our 

experiment, the absence of a decline in antioxidant 

enzyme activity could be explained in view of the age of 

the animals in all three groups of rats. Our previous 

results (Hadzi-Petrushev et al. 2011, 2012) have shown 

that GPx activity in liver and kidney decreases only 

after 18-20 months of age and CAT activity remains 

unchanged. In some way, this is an expansion of the 

results of Tian et al. (1998) who have shown that GPx 

activity in kidney decreases only after 24 months of age 

and does not change in the liver. GPx activity may be 

preserved due to the fact that aging is not necessarily 

associated with changes in the level of GSH (Kasapoglu 

and Ozben 2001) and the increased antioxidant enzyme 

activity represents an adaptive response to increased 

levels of oxidative products. In this manner, a decrease in 

one antioxidant may be compensated by an increase in 

another, maintaining relatively sufficient antioxidant 

protection in the cells (Rikans et al. 1992). For example, 

researchers have reported that 50 % of SOD and up to 

70 % of CAT activity could be inhibited in isolated 

hepatocytes and still this antioxidant capacity is sufficient 

to withstand experimentally induced oxidative stress (Orr 

et al. 1992, Rikans et al. 1992). Also, Amstad et al. 

(1991) reported an overproduction of SOD in epidermal 

cells sensitive to superoxide and hydrogen peroxide, 

whereas cells with overproduction of CAT were protected 

against the effects of oxidants. Such protective effect of 

CAT was confirmed in our study, as we found significant 

increase in its activity only in senescent mature liver. 

Further, in mature and aged senescent livers we  

observed positive correlation between increased ratio 

R=SOD/(GPx+CAT) and increased MDA. These results 

may support the theory of contribution of the antioxidant 

enzymes to the oxidative stress in the senescent rats, due 

to decreased SOD and GR activity. Moreover, the 

significant increase of MDA during senescence (MT and 

AT), found in this study, corroborates our hypothesis that 

the balance of the oxygen metabolism is compromised in 

both liver and kidney. In this sense, the negative 

correlations between MDA and SOD in YT livers and 

MDA and CAT in MT livers represent an additional 

support to our claim. 

On the other side, in the case of aged rats, our 

results did not show significant differences in MDA 

levels in comparison to their younger counterparts. It has 

already been shown that lipid peroxidation of brain and 

liver, expressed as MDA, shows no significant 

differences among rats of different ages (Tian et al. 1998) 

and also no relationship was found between MDA levels 

and age in humans (Block et al. 2003). Nevertheless, 

these data do not exclude increased MDA production in 

relation to aging, as MDA may be subjected to rapid 

degradation, i.e. high turnover, so it is not possible to 

detect significant accumulation in chronic conditions 

(Holmes et al. 1992). Our data from the D-gal treated 

groups of rats, showed that starting the treatment at 

different age (3 or 15 months), could lead to the 

establishment of animal model of aging that completely 

fulfills the accepted profile of senescence, regarding the 

antioxidant enzyme activity and the level of MDA as 

marker of lipid peroxidation.  

The increase in GPx activity after D-gal 

treatment in our experimental groups of mature and aged 

rats is in agreement with the consideration that the 

oxidative status of the cells primarily regulates the gene 

expression and the activity of antioxidant enzymes (Pahl 

and Baererle 1994). The fact that the increase in MDA 

levels in mature and aged D-gal treated rats was followed 

by an unchanged GPx activity, leads to a reasoning that 

either the response of GPx to increased pro-oxidant 

conditions is limited or the lack of change in GPx activity 

is a reason for increased MDA levels. Also, GPx per se is 

not an efficient decomposer of hydrogen peroxide 

(Lopez-Torres et al. 1993) and the absence of appropriate 

change in CAT activity in conditions of increased ROS 

may impair the capacity of the antioxidant enzyme 

system, leading to increased MDA levels. 

The absence of significant D-gal-related changes 

in our group of young rats could be observed in the light 

of the mandatory attention that must be given to the 

developmental changes and the influence of aging on 

antioxidant enzymes (Wei and Lee 2002). The rate of free 

radical production in mitochondria increases with age in 

animal tissues (Perez-Campo et al. 1998, Wei and Lee 

2002, Stojkovski et al. 2013) and the aforementioned 

results may be elucidated by the presence of low ROS 

production and better balance between the free radical 

scavenging enzymes in young tissues, which is very 

important for the cellular resistance to oxidative stress. In 

this direction, Kasapoglu and Ozben (2001) reported the 

presence of chemically modified enzymes with decreased 

catalytic efficiency in aged tissues. Further, Zhang with 

coworkers (2010) published that the activities of 

mitochondrial respiratory chain components (complex I, 

II, III and IV) in rats are reduced in D-gal-induced 

mimetic aging, when the D-gal treatment is started at the 
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age of 5 months. Different studies (mainly performed on 

mice), corroborate our results, highlighting the 

importance of the starting age of the animals in relation to 

D-gal induced senescence. In this direction, Xu et al. 

(2009) reported that 3 and 6 months old mice are more 

suitable for establishing a mimetic ageing model 

compared to 1.5 months old mice. Regarding the use of 

rats, equivalent study has not been performed but 

experimental data showing increased MDA level, and 

decreased SOD and CAT activity is characteristic for 

animals of various ages at the start of the treatment (Lei 

et al. 2008, Liu et al. 2013). 

The pathophysiological changes during natural 

and D-gal induced aging are related to the production of 

ROS and oxidative stress and it is obvious that rats 

of different age react differently to D-gal treatment. 

The pro-oxidant/antioxidant balance is successfully 

represented and can be assessed by the antioxidant 

enzyme activities and the level of lipid peroxidation. As it 

is shown by our study, in the D-gal model of accelerated 

aging, the changes in the antioxidant enzyme activities 

are not only under the influence of the D-gal overload, 

but also depend on the developmental stage of the 

animals. Senescence manifestation in old rats (15 months 

age) was quite unclear and the changes in the examined 

parameters were less consistent compared to the case of 

mature rats. Conversely, some of the D-gal induced 

changes in young rats (1 month age) were not 

considerably dissimilar to the changes observed in mature 

rats. However, it is reasonable to favor the choice of 

mature rats for the process of accelerated aging 

considering their complete organ and body differentiation 

in contrast to the possibility of additional changes relating 

to the natural maturation in young rats (Stuart et al. 2001, 

Kwekel et al. 2010). In general, this implies on the 

existence of optimal starting age of treatment for the 

establishment of D-gal-induced aging model in rats. In 

view of the enzymatic antioxidant status and the level of 

lipid peroxidation, the obtained results indicate that, in 

our experimental settings, the mature rats (3 months age) 

appeared to be the most appropriate for the development 

of an animal model of aging.  
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