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ABSTRACT 
 
 The number of patients suffering from Alzheimer’s disease (AD) all over the world is rising continually and 
becomes one of the biggest challenge for most societies throughout the world. The potential of peripheral 
biochemical markers as complementary tools in the neurophsychiatric  evaluation of these patients has claimed 
further attention.The aim of our study is to measure some parameters of oxidative stress status together with 
serum level of S100B protein in both AD and control experimental animal groups to find their diagnostic value 
in this disease.Twenty five male and female albino rats were used in the study. They were divided into two 
groups, control and Alzheimer’s disease (AD) group. Serum malondialdehyde (MDA), nitric oxide(NO), total 
antioxidant capacity (TAC) and erythrocyte superoxide dismutase activity (SOD) were measured by 
spectrophotometric method. S100B protein was measured by ELISA.S100B, MDA and NO were significantly 
increased in AD group compared to control group. On the other hand, a significant decrease in the activity of 
erythrocyte superoxide dismutase (SOD) and non significant decrease in serum total antioxidant capacity (TAC) 
were observed in AD group compared to the control. We concluded that S100B together with the oxidative 
stress parameters could be useful peripheral markers of nervous system damage in AD.  
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Introduction 
 

Alzheimer’s disease (AD) is the most common form of dementia in the elderly (Hebert et al., 2003). AD 
patients suffer from a progressive decline of cognitive functions that induce language, personality and memory 
impairments (Leclerc et al., 2010). 

The pathological hallmarks of the disease are characterized by the presence of senile plaques (SPs), 
neurofibrillary tangles (NFTs), and severe gliosis  in the cerebral cortex and the hippocampus ( Muller – Hill 
and Beyreuther, 1989). Senile plaques result from the accumulation of extracellular amyloid-β (Aβ) fibrils and 
contain elevated level of zinc and copper ions (Lovell et al., 1998). 

Neurofibrillar tangles are mainly constituted of intracellular, abnormally phosphorylated tau protein (Vega 
et al., 2008).AD brain is also characterized by increases in inflammatory responses, oxidative stress, 
dysregulation of calcium homeostasis and elevated levels of several S100 calcium binding proteins namely 
S100B, S100A6, S100A9, S100A12(Leclerc et al., 2010). 

S100B is a calcium binding protein that in the nervous system is mainly concentrated in glial cells. It has 
both trophic  and potentially toxic effects on neurons and neuritis, suggesting that S100B over expression plays 
an important role in the genesis of neuritic changes in amyloid β plaques, in the progression of diffuse non-
fibrillar amyloid deposits to neuritic forms and consequently in the progression of disease itself(Mark and 
Griffin,2001). 

It is hypothesized that high concentrations of S100B act in the pathogenesis of neurodegenerative 
processes, possibly though oxidative stress mechanisms (Emanuele et al., 2011). 

Oxidative stress has been shown to be a prominent and early feature of vulnerable neurons in AD. Exposure 
to oxidative stress induces the accumulation of intracellular reactive oxygen species (ROS), which in turn causes 
cell damage in the form of protein, lipid and DNA oxidations. Elevated ROS levels are associated with 
increased deposition of amyloid β and formation of senile plaques, a hallmark of AD brain. If enhanced ROS 
exceeds the basal level of cellular protective mechanisms, oxidative damage and cell death will result. 
Therefore, substances that can reduce oxidative stress are thought as possible drug candidates for treatment or 
preventive therapy of neurodegenerative diseases such as AD (Nelson et al., 2009).  
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Aim of the work: 
 
 To date, there is no blood test available that can discriminate dementia patients from healthy individuals. 
The aim of our study is to measure some parameters of oxidative stress status together with serum level of 
S100B protein in both AD and control experimental animal groups hence early AD predictive biomarkers would 
enable diagnosis of the disease at premature phases, opening up the prospect for timely application of corrective 
therapeutic strategies. 
 
Materials and Methods 
 
Materials: 
 
 Twenty five male and female albino rats (Sprague Dawely Strain) weighing 180-200 g were obtained from 
the animal house of National Research Center (NRC), Giza, Egypt. 
Aluminium Chloride ( Alcl3 ): was purchased from Sigma . Its M.wt 133.34. 
 
Methods: 
 
Induction of Alzheimer’s disease (AD): 
 
 Fifteen rats were orally administered aluminum chloride in a dose of 17 mg/kg b. w. (Krasovskii et al., 
1979) daily for one month. Autopsy samples were taken from the brain of 5 rats  (Banchroft et al ., 1996) for 
histopathological examination  through the light microscope to insure the occurrence of AD. 
 
Experimental design: 
 
 Twenty five male and female albino  rats were housed individually in stainless steel cages in a controlled 
environment and were fed standard diet and water was available ad libitum. The experiment was carried out 
inaccordance with the national regulations of animal welfare and Institutional Animal Ethical Committee 
(IAEC), National Research Center. Rats were divided into two groups (10 rats in each) as follow: 
(i) Group I (control group): received normal saline (1 ml/Kg b.w./day) orally. 
(ii) Group II (AD group): received aluminum chloride in a dose of  (17 mg/kg b. w./ day) orally for one month  
(Krasovskii et al., 1979).  
 
Blood sampling: 
 
 Fasting blood samples were withdrawn from the retro-orbital vein of each animal, under light anesthesia by 
diethyl ether, according to the method of Cocchetto and Bjornsson (1983). 

  Blood samples were divided into two portions, the first small portion was taken on EDTA and preparation 
of erythrocyte lysate was done for  determination of erythrocyte superoxide dismutase (SOD), while the second 
large portion was left to clot in clean dry test tubes, and then centrifuged at 3000 rpm for ten minutes to obtain 
serum. The clear supernatant serum was then stored frozen at -20 ºC for the biochemical analysis. 

 
 Histopathological examination: 
 
 Autopsy samples were taken from the brain of rats and fixed in 10% formol saline for twenty four hours. 
Washing was done in tap water then serial dilutions of alcohol (methyl, ethyl and absolute ethyl ) were used for 
dehydration . Specimens were cleared in xylene  and embedded in paraffin at 56 degree in hot air oven for 
twenty  four hours . Paraffin bees wax tissue blocks were prepared for sectioning at 4 microns by slidge 
microtome. The obtained tissue sections were collected  on glass  slides, deparffinized and stained by 
hematoxylin and eosin stains (Banchroft et al., 1996) for histopathological examination  through the light 
microscope . 
 
Biochemical assays: 
 
(1)-Determination of serum malondialdehyde: 
 
 Malondialdehyde was determined colorimetrically in serum according to  Ohkawa et al., (1979).  
 
(2)-Determination of serum nitric oxide level: 
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 Nitric oxide was determined colorimetrically in serum according to Montgomery and Dymock (1961). 
 
(3)-Determination of erythrocyte  superoxide dismutase: 
 
 Superoxide dismutase ( SOD ) activity was determined according to Nishikimi et al., (1972).  
 
(4)-Determination of serum total antioxidant capacity: 

 
 Total antioxidant capacity (TAC) was determined colorimetrically in serum according to Koracevic et al 
(2001). 
 
(5)- Determination of serum S100B : 
 
 S100B was estimated by enzyme linked immunoassay (ELISA), the kit was derived from Dia Sorin, USA 
according to Gao et al., (1997).  
 
Statistical analysis: 
 
 In the present study, all analysis was done using statistical  package for social science (SPSS software 
version 12, Chicago, Illinois) on a personal computer. All numeric variables were expressed as mean ± standard 
error (SE). 
 Comparison of different variables in various groups was done using student “t " test. For all tests a 
probability (P < 0.05) was considered significant. 
 Receiver Operating Characteristics (ROC) Curve: was used to discriminate positive from negative results. 
The area under the curve (AUC) can range from 0.5 to 1 and diagnostic test that approaches 1 indicates a perfect 
discriminator. ROC curves also determine the threshold value for optimal sensitivity and specificity, which was 
constructed by calculating the true positive fraction (sensitivity percent) and the false positive fraction (100-
specificity) of marker at several cutoff points. 
 
 Results:  

 
 In this study, the mean level of S100B was significantly increased in AD group compared to the control 
group. Also, the mean values of serum malondialdehyde (MDA) and nitric oxide (NO) were significantly 
increased in the AD group. On the other hand, a significant decrease in the activity of erythrocyte superoxide 
dismutase (SOD) and non significant decrease in serum total antioxidant capacity (TAC) were observed in AD 
group comparing to the control (table 1). 
 From the ROC curve in{ figure (1), table (2) }we noted that, the best cutoff point for S100B that 
discriminates between the Alzheimer’s disease group and control group was 0.119 μg/L with 100 % sensitivity 
that means all rats in the Alzheimer’s disease group had S100B values ≥ 0.119 μg/L(true positive).At this point 
the specificity was 100 % that means all rats in the control group had S100B values < this cutoff point  (true 
negative). 
 The area under curve (AUC) that quantifies the over all ability of S100B test to discriminate between the 
Alzheimer ’s disease group and control group was 1.0.   

 
Table 1: Mean levels of the different studied parameters for control and AD groups. 

 
     Groups 

 
 

Parameters 

Group I 
Control 
n=10 

Group ІI 
(AD) 
n=10 

Serum Malondialdehyde(MDA) 
nmol/ml 

3.76 ± 0.11 6.10 ± 0.13 * 

Serum Nitric Oxide (NO) 
µmol/ml 

14.92 ± 0.14 18.55 ± 0.41 * 

Erythrocyte Superoxide Dismutase (SOD) 
U/ml 

308.50 ± 7.16 139.70 ± 7.84 * 

SerumTotal Antioxidant Capacity(TAC) 
mM/L 

3.13 ± 1.32 1.25 ± 0.09  

S 100B 
μg/L 

0.09 ± 0.01 0.17 ± 0.01 * 

Values are Mean ± SE where, *Significant compared to control (p<0.05). 
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Fig. 1: Receiver operating characteristic (ROC) curve analysis to calculate the best cut off point for S100B that 

discriminate between Alzheimer’s disease group and control group. The opened circle denotes the best 
cutoff point of S100B.  

 
Table (2): 

Biomarker Cutoff point Sensitivity (%) Specificity (%) Area under curve (AUC) 

S100B 
(μg/L) 

0.119 100 100 1.0 

 

 
 

Fig. 2: Brain of rats in control group showing normal histological structure of the hippocampus (hp). "H&E*40" 
 

 
 

Fig. 3: Micrograph of brain section of rats in AD group showing various sizes of amyloid plaques formation (p) 
in the hippocampus. "H&E*40" 
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Fig. 4: Micrograph of brain section of rats in AD group showing the magnification of (fig. 3) to identify plaques 
formation (p) in the hippocampus. "H&E*80" 

 
Results and Discussion 
  

In recent years, the incidence of dementia as a major public health problem has escalated largely due to an 
increased life expectancy (El-Sayed et al., 2009). Alzheimer’s disease (AD) is the most common form of senile 
dementia accounting for 50-60% of all cases, and is considered as the fourth highest cause of disability and 
death in the elderly(Blennow et al., 2006). Although its occurrence may be age-related, AD is not an inevitable 
consequence of the aging process (Bennett et al., 2004). 

AD is a heterogeneous disease with respect to several possible pathophysiological causes and mechanisms 
contributing to a common stage of cell death (Terry et al., 1991), but the exact nature of the molecules entity 
triggering dementia and cognitive deficits is still open to debate (Marina et al.,2007). 

Considering the limited capacity of the central nervous system (CNS) tissue to repair, early intervention in 
the degenerative process will be crucial to spare as much tissue as possible (Elgh et al., 2006). 

Early diagnosis may then help to increase the possibilities for developing and testing new preventive 
treatment strategies (Griffin and Robert, 2002). 

To date the diagnosis of AD is currently based on clinical and neuropsychological examination, and there is 
no blood test available that can discriminate dementia patients from healthy individuals. 

In the present study we measured serum levels of S100B protein, malondialdehyde and nitric oxide together 
with erythrocyte SOD and serum total antioxidant capacity in both AD and control animal groups, to find their 
relation with the occurrence of AD in an attempt for early diagnosis of the disease that facilitate intervention 
with new prophylactic treatment strategies. 

S100B acts as an astrocyte-derived cytokine with a physiologically beneficial role in promoting neuronal 
survival and development (Chan et al., 2003), as well as the synthesis of amyloid precursor protein (APP) in 
neurons and neuritis (Li et al., 1998).  

 This suggests that an increase in expression of S100B in response to injury might be one mechanism the 
brain uses in attempts to repair injured neurons, clean up cellular debris, and resist further damage (peskind et 
al., 2001). 

However pathologically over expressed S100B induces dystrophic changes in neurons and neuritis which 
correlate with the transformation of benign amyloid deposits into neuritic plaques responsible for cortical 
atrophy in AD (Petzold et al., 2003). 

In our study, the serum content of S100B was significantly elevated in AD group compared to the control 
group, a finding that is supported by previous two reports (Teunissen et al., 2002; Marina et al., 2007). 

Experimental and human studies have strengthened the belief that S100B is implicated in the mechanisms 
underlying neurodegeneration in AD (Mark and Griffin, 2001; Petzold et al., 2003).Accordingly, it was reported 
an association between the deposition of cerebral amyloid beta protein and the presence of activated astrocytes 
overexpressing S100B.  

One hypothesis is that S100B accumulates in the extracellular space after astrocyte death or due to 
increased release by activated astrocytes, or after cellular disintegration of the damaged parenchyma. Under 
these conditions, the S100B concentration may be in the micromolar range and the protein may become toxic 
due to its stimulatory effects on nitric oxide (NO) production by astrocytes and microglia. It interacts with 
receptor for advanced glycation end product (RAGE) on neurons and RAGE mediated neuronal apoptosis or 
stimulates interleukin’s secretion by neurons (Alarcon et al., 2005). 

Despite the controversies on its brain specificity, S100B has been investigated in different brain diseases as 
peripheral marker of therapeutic interventions, as well as of neurological and neuropsychological outcome 
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(Chaves et al., 2010). Additionally, a recent work suggests that blood-brain barrier permeability may also be 
damaged even at an early stage of AD indicating different blood-brain CSF compartmental kinetics, thus the 
leakage of proteins from brain to blood could be facilitated(Starr et al., 2009).  

We also aimed in our study to determine the best cut off value for S100B that discriminate between AD and 
control experimental animal groups and its sensitivity and specificity as a diagnostic marker of the disease. Our 
study emphasized the high diagnostic power of S100 for the discrimination between control and AD 
experimental animal groups yet we believe that a multicentric study should be carried out to prove our finding 
which is in progress. In the same line Steiner et al., 2010. reported that the measurement of biomarker of neural 
tissue damage such as S100B protein may offer an alternative and direct indicator of cell damage in the nervous 
system when clinical and radiological signs are not yet fully manifest. Moreover the combination of this marker 
with other diagnostic techniques may be the way forward to improve the clinical assessment of patients with 
AD. 

 A large body of evidence implicates oxidative damage in AD pathogenesis (Solfrizzi et al., 2006). 
Astrocytes play a central role in antioxidant defense in the central nervous system (Takuma et al., 2004), which 
is especially vulnerable to ROS since it is a highly oxygenated organ that uses 20% of the total oxygen required 
by the body. As such, it may postulated that the imbalance between the production of reactive species and the 
antioxidant defense observed in the periphery (e.g red blood cells), is even more serious in brain tissue. 
Persistent elevated levels of ROS are putatively involved in several neurodegenerative disorders (Floyd, 1999). 
Baldeiras et al., 2008. explained that oxidative damage to critical molecules occurs early in the pathogenesis of 
AD and precedes pronounced neuropathological alterations. Aluminium has been implicated as most important 
risk factor in aging related changes (Deloncle et al., 2001). The mechanism of aluminium induced 
neurodegeneration is not clearly known. It has been reported that aluminium potentiate the activity of ferrous 
(Fe+2) and ferric (Fe+3) ions to cause oxidative damage leading to neurodegeneration (Xie and Yokel, 
1996).Moreover, aluminium promote the formation of amyloid β plaque (Bharathi et al., 2008) and aggregation 
of tau protein in AD (Walton and Wong, 2009). The present study showed that oxidative damage was found in 
the AD group which was indicated by statistically significant elevation in the mean serum levels of MDA and 
NO compared to the control group (P<0.01). These results are in agreement with Gustaw - Rothenberg et al., 
2010, who stated that in both AD and vascular dementia (VaD), the level of oxidative stress parameter (MDA) 
was higher compared to controls. Other studies support our results and describe an increased level of peripheral 
(MDA) in AD (Keller et al., 2005; Baldeiras et al., 2008; Greillberger et al., 2008). Also Dickstein et al., 2009. 
stated that oxidative stress is a common factor rendering the brain vulnerable to environmental insults, and it has 
shown to play an important role in the pathogenesis of AD. Oxidative stress stimulates astrocytes to switch from 
a resting to a reactive phenotype, thereby causing them to divert some of their energy away from supporting 
neurons. This diversion of metabolic support can leave neurons less able to defend themselves from reactive 
oxygen species which are generated by their own metabolism. Viewed from this perspective, targeting 
astrocytes with pharmacological agents that are specially designed to return astrocytes to a quiescent phenotype 
could represent fruitful new angle for the therapeutic treatment of AD and other neurodegenerative disorders 
(Steel and Robinson, 2010). 

Our work also proved statistically significant decrease in the activity of SOD and TAC in AD group 
compared to controls. These results are in the same line with others who stated that increased production of 
oxygen and nitrogen reactive species in mild cognitive impairment (MCI) and AD leads to rapid consumption of 
plasma antioxidants.So, the antioxidant systems failed to protect the organism against the oxidative damage with 
subsequent development of the pathological alterations that characterize the neurodegenerative disorder 
(Baldeiras et al., 2008; Sultana et al., 2008). 
 
Conclusion 
 
  This study proved the hypothesis that AD is accompanied by increase in S100B values together with 
increase in the oxidant levels and decrease in the antioxidants’ activity, that possibly indicating the role of 
S100B and oxidative stress in the pathophysiology of AD.                                 
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