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Alzheimer's disease is the most common cause of dementia where the loss of 

intellectual and social abilities is severe enough to interfere with daily 

functioning. This may be a warning sign to our economy as unfortunately, 

the disease is growing up especially in the developing countries . Deposition 

of β-amyloid in brain is one of the pathological hallmarks of AD that is often 

associated with oxidative stress response. In this study, we investigated the 

possible mechanisms of tempol (superoxide scavenger), in a 

lipopolysaccharide  model of Alzheimer's disease. Mice were randomly 

divided into three groups each group consisted of 8 mice. Mice were injected 

with lipopolysaccharide  (0.8 mg/kg, i.p.) once then divided into two groups: 

the first was remained injected with lipopolysaccharide  only serving as 

Alzheimer's disease control and the second was injected with tempol (100 

mg/kg/day, i.p.), in addition to the normal control mice injected with 1% 

tween 80. Brain oxidative stress markers namely malondialdehyde, reduced 

glutathione and superoxide dismutase in addition to  β-amyloid levels were 

measured. Lipopolysaccharide  increased oxidative stress burden and finally 

caused β-amyloid deposition in brain. These effects were reversed by using 

tempol. Tempol decreased parameters of Alzheimer's disease and oxidative 

markers serving as a good protective a gaint against Alzheimer's disease. 
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INTRODUCTION 

As the population ages, Alzheimer disease (AD) is becoming more of a medical, social and public health 

issue. It is a massive neurodegenerative disorder that causes severe and permanent loss of intellectual function 

leading to complete incapability of even daily activities  (Nowotny  et al., 2001). The number of AD patients in the 

U.S. was presently about 4.5 million, with nearly 37 million worldwide (McKhann et al., 2011). By 2040 the 

worldwide number was predicted to reach 81 million with 4.6 million new patients diagnosed per year (Ferri et al., 

2006).  

There are two major mechanisms of AD; the amyloid cascade theory and the cholinergic hypothesis. β- 

amyloid peptide (Aβ) causes the neurodegeneration that lead to clinical AD (Kugaevskaya, 2011; Zhang et al., 

2015). In the cholinergic theory, AD is also characterized by neuronal loss, especially those expressing nicotinic 

acetylcholine receptors (nAChR) (Buckingham et al., 2009; Lombardo and Maskos, 2014).  

Today, the total view on AD progression is focused on the amyloid cascade theory, reporting that Aβ is the 

causative leading agent in AD and that mostly of the remaining AD characteristics are results of inappropriate 

deposition of the peptide (Ramberg, 2011). Moreover, Aβ (1-42) has become more interesting than Aβ (1-40), due to 

its higher ability to aggregate  even in form of self aggregation and produce cytotoxic properties (Findeis, 2007; 

Ramberg, 2011). Aggregation of Aβ is thought to induce sequences of neurodegenerative actions, involving the 

intracellular accumulation of hyperphosphorylated tau (Hardy and Selkoe, 2002; Jack et al., 2013).  
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Deposition of Aβ  in brain is also included in stimulation of oxidative stress pathway leading to generation 

of free radicals known as reactive oxygen species (ROS) through activation of the nicotinamide adenine dinucleotide 

phosphate (NADPH) oxidase complex which resulted in increase of malondialdehyde (MDA) as a product of 

increased amounts of lipid peroxidation due to increased oxygen free radicals in addition to decreasing defense 

enzymes against oxidative stress like reduced glutathione (GSH) and superoxide dismutase (SOD), these 

mechanisms caused pathological processes of AD which leads to direct cellular injury and death of neurons (Han et 

al., 2015; Hardy and Selkoe, 2002; Mota et al., 2015).  

Release of ROS is also triggered via induction by extracellular iron and copper ions attachment to Aβ 

plaques (Collingwood et al., 2008; Graham et al., 2014). Microglial cells locate and attack Aβ plaques as 

immunological response, causing ROS formation and starting oxidative stress  (Gallagher et al., 2012).  

Oxidative stress was not only considered as a result of of Aβ deposition but also considered as a causative 

factor for Aβ deposition (Abdel Moneim, 2015; Nunomura et al., 2006). Oxidative stress is increasing with normal 

aging but it is further exaggerated  in several neurodegenerative disorders such as AD and Parkinson’s disease 

(Jomova et al., 2010). Several studies on how oxidative stress is triggering Aβ production have stated  that oxidative 

stress is inhibiting the activity of alpha (α-secretase) enzyme involved in non amyloidegenic cleavage of APP while 

activating the expression of β- and γ -secretase, enzymes critical for the generation of Aβ from APP (Chen et al., 

2008; Oda et al., 2010; Quiroz-Baez et al., 2009; Tamagno et al., 2002; Yoo et al., 2010). 

Tempol, 4-hydroxy-2,2,6,6-tetramethylpiperidin-1-oxyl, is  SOD mimetic, recognized to catalyze the 

detoxification of ROS, particularly superoxide (Mizera et al., 2015; Wilcox and Pearlman, 2008). Tempol was 

reported to cross the BBB (Zhelev et al., 2009) and has previously been shown to be neuroprotective as a free-

radical scavenger in several models of brain injury and ischemia (Deng-Bryant et al., 2008; Kwon et al., 2003; 

Mustafa et al., 2010). It was selected in the present study based on its ROS-scavenging activity.  

Lipopolysaccharides (LPS), gram negative bacterial endotoxin was reported to trigger production of ROS 

and also enhance permeability of BBB in rodents (Kitazawa et al., 2005; Takeda et al., 2013; Tweedie et al., 2012). 

LPS was found also to increase APP through activation of 𝛾-secretase and β-secretase leading to Aβ (1-42) 

deposition in brain (Deng et al., 2014; Joshi et al., 2014; Lee et al., 2008). LPS was used for induction of AD like in 

the present study. 

 

2. Material and methods 
2.1. Material 

Adult male mice weighing 22-25 g were purchased from the animal house of the National Research Center. 

Mice were kept in the laboratory animal center of the Faculty of Pharmacy, Beni-Suef University under a optimum 

temperature (22-23°C), on 12-hour light/dark cycles and supplied with standard chow and tap water ad libitum. The 

study was done according to the guidelines of the Ethics Committee, Faculty of Pharmacy, Beni-Suef University, 

which was under the recommendations of the National Institutes of Health Guide for Care and Use of Laboratory 

Animals (Publication No. 85-23, revised 1985). 

2.2. Drugs, chemicals and reagent kits 

Tempol, lipopolysaccharide (LPS), thiobarbituric acid (TBA), 1,1,3,3-tetramethoxypropane (MDA 

standard), 5,5`-dithio-bis-(2-nitrobenzoic acid) (DTNB), and GSH standard were purchased from Sigma Chemicals 

Co. (USA). Murine Aβ ELISA kits were obtained from MyBioSource Co. (China) and Murine superoxide dismutase 

(SOD) ELISA kits were obtained from Trevigen Co. (USA). All other chemicals, solvents and reagents used were 

obtained from certified sources and were of analytical grade. 

2.3. Experimental design 

Mice were randomly divided into 3 groups, namely a normal control group, an Alzheimer control group 

and a tempol treatment group. Tempol was injected through the i.p. route daily for seven days in a dose of 100 

mg/kg/day (Hahn et al., 1992). twenty four hours later, after the last drug dose animals were sacrificed with brain 

tissue withdrawn as indicated for biochemical analysis.  

2.4. Methodology 

2.4.1. Alzheimer induction 

Induction of AD was done by a single i.p. dose injection of LPS (0.8 mg/kg), in 1% tween 80 solution in 

saline, which causes Alzheimer symptoms after 7 days of injection (Arai et al., 2001; Sheng et al., 2003). Tempol 

was administered on a daily basis for seven days starting from the day of LPS injection.  

2.4.2. Biochemical analysis 

2.4.2.1. Alzheimer marker 

The level of Aβ (1-42) in brain tissue was measured using ELISA diagnostic kit as described by 

manufacturer's instructions according to the principles described by Verges et al. (2011). 
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2.4.2.2. Oxidative stress markers 

The level of SOD in brain tissue was measured using assay diagnostic kit as described by manufacturer's 

instructions according to the principles described by Robak and Gryglewski (1988). The levels of MDA and GSH 

levels in brain tissue were assessed colorimetrically according to the principles of Ohkawa et al. (1979) and Ellman 

(1959), respectively. 

2.4.3. Statistical analysis 

All data are presented as means ± SEM (standard error of the mean). Statistical analysis was done using 

Statistical Package for Social Science (SPSS) software (version 22). One-way analysis of variance (ANOVA) test 

was used to detect significance among group means, followed by Tukey’s post-hoc test for pair-wise comparison 

between means of groups. Differences were considered significant at p < 0.05. 

 

3. Results 
3.1. Alzheimer marker 

Injection of LPS to mice significantly showed increase of brain tissue level of Aβ compared with normal control 

values. Treatment of mice with tempol showed significant decrease of Aβ levels compared with LPS mice (Table 1) 

& (Figure 1). 

3.2. Oxidative stress markers 

Injection of mice with LPS showed significant decrease in SOD and GSH levels in addition to significant increase of 

MDA levels in brain tissue compared to normal control mice (Table 2) & (Figure 2,3 and 4 respectively). Treatment 

of mice with tempol showed significant increase in brain tissue SOD activity and GSH levels in addition to 

significant decrease of brain tissue MDA levels compared with LPS mice. 

Table (1): Effect of tempol on brain tissue Alzheimer markers in mice with LPS-induced AD 

 

 

 

 

 

 

 

 

Each value represents a mean of 8 values ± SEM.    
a
Significantly different from normal control value at p < 0.05. 

b
Significantly different from LPS control value at p < 0.05.  

Aβ: beta amyloid, AD: Alzheimer's disease, LPS: lipopolysaccharide, SEM: standard error of the mean.  

 

Table (2): Effect of tempol on brain tissue oxidative stress markers in mice with LPS-induced AD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each value represents a mean of 8 values ± SEM.    
a
Significantly different from normal control value at p < 0.05. 

b
Significantly different from LPS control value at p < 0.05.  

AD: Alzheimer's disease, GSH: glutathione reduced, LPS: lipopolysaccharide, MDA: malondialdehyde, 

lipopolysaccharide, SEM: standard error of the mean, SOD: superoxide dismutase.  

Group 

Parameter 

Normal  

Control 

LPS 

Control 

Tempol  

(100 mg/kg)  

Aβ  

(pg/g tissue) 

2.04  

±  

0.14 

14.10 

±  

0.45
a
 

5.53 

±  

0.22
ab

 

Group 

Parameter 

Normal  

Control 

LPS 

Control 

Tempol  

(100 mg/kg)  

SOD  

(U/g tissue) 

7.13 

±  

0.38 

2.40 

±  

0.73
a
 

4.63  

±  

0.21
ab

 

MDA  

(nmol/g tissue) 

10.40  

±  

0.61 

65.49 

±  

2.67
a
 

26.56 

±  

1.11
ab

 

GSH  

(µmol/g tissue) 

4.51 

±  

0.24 

0.73 

±  

0.03
a
 

1.37  

±  

0.05
ab
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Figure (1): Effect of tempol on brain tissue Alzheimer markers Aβ in mice with LPS-induced AD 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each bar represents a mean of 8 values ± SEM.    
a
Significantly different from normal control value at p < 0.05. 

b
Significantly different from LPS control value at p < 0.05.  

Aβ: beta amyloid, AD: Alzheimer's disease, LPS: lipopolysaccharide, SEM: standard error of the mean.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): Effect of tempol on brain tissue  SOD in mice with LPS-induced AD 
Each bar represents a mean of 8 values ± SEM.    
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a
Significantly different from normal control value at p < 0.05. 

b
Significantly different from LPS control value at p < 0.05.  

AD: Alzheimer's disease, LPS: lipopolysaccharide, lipopolysaccharide, SEM: standard error of the mean, SOD: 

superoxide dismutase.  

 

 

Figure (3): Effect of tempol on brain tissue  GSH in mice with LPS-induced AD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each bar represents a mean of 8 values ± SEM.    
a
Significantly different from normal control value at p < 0.05. 

b
Significantly different from LPS control value at p < 0.05.  

AD: Alzheimer's disease, GSH: glutathione reduced, LPS: lipopolysaccharide, lipopolysaccharide, SEM: standard 

error of the mean.  
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Figure (4): Effect of tempol on brain tissue  MDA in mice with LPS-induced AD 
Each bar represents a mean of 8 values ± SEM.    
a
Significantly different from normal control value at p < 0.05. 

b
Significantly different from LPS control value at p < 0.05.  

AD: Alzheimer's disease, LPS: lipopolysaccharide, MDA: malondialdehyde, lipopolysaccharide, SEM: standard 

error of the mean 

 

4. Discussion 
The aim of the present work is to investigate the possible protective roles of tempol in management of AD 

and understand its underlying mechanisms. 

Results of the present study showed that single dose of LPS adminstration caused a significant deposition 

of Aβ in brain tissues of mice (Table 1, Figure 1). In agreement, Jaeger et al. (2009) stated that LPS injection to 

experimental rodents enhanced Aβ deposition in brain through affecting brain permeability or through pro-

inflammatory potential and ROS release as a result.  

Tempol showed significant decline in Aβ compared with LPS mice (Table 1, Figure 1). Little research 

results are available regarding the effect of tempol on AD, but Rao et al. (2013) revealed that tempol could suppress 

expression of the matrix proteins thrombopondins in cultured astrocytes, while Han et al. (2015) reported that 

tempol could decrease cerebral amyloid angiopathy and Aβ deposition in mice through ROS scavenging activity.  

The oxidative stress in brain tissue evidenced in the present study by the significant decreased levels of 

SOD (Table 2, Figure 2) and GSH (Table 2, Figure 3) coupled with significant increased levels of MDA  (Table 2, 

Figure 4) in brain upon administration of mice with LPS compared to normal control mice. This is in agreement 

with the studies that was reported by Dubinina et al. (2015) and Sharma et al. (2014). 

High oxidative stress burden including elevated levels of MDA in addition to decreased levels of the 

protective defense antioxidant enzymes SOD and GSH was demonstrated to be as a result of Aβ deposition (Kim et 

al., 2015) and also as a pathogenic factor enhancing  neuronal damage and AD progression (Dubinina et al., 2015). 

As we mentioned before oxidative stress was once claimed not only to be a result of Aβ deposition but also 

a causative factor. So, exposure of the brain to oxidative stress, caused by LPS, may result in Aβ formation as a 

compensatory response and vice versa  (Abdel Moneim, 2015; Nunomura et al., 2006).  

Regarding oxidative stress markers in the present study, tempol as SOD mimetic significantly increased 

SOD (Table 2, Figure 2) activity and GSH levels (Table 2, Figure 3),  coupled with decreased MDA levels (Table 2, 

Figure 4) compared with LPS control mice, indicating amelioration of oxidative stress. The results of tempol was in 

agreement with the studies conducted by Luan et al. (2012) who reported effects on MDA, GSH and SOD.  

As mentioned above, oxidative stress played a significant pathogenic roles in neuronal damage and AD 

progression, and this may explain, at least partly, the protective effect of tempol in AD (Dubinina et al., 2015).  

Support of antioxidant status was evidenced by many authors to suppress AD progression in different 

animal models (Braidy et al., 2015; Leirós et al., 2015; Persichilli et al., 2015).  

So the present study focused on relation between oxidative stress and Aβ in AD to evaluate novel therapies 

as tempol as a protective antioxidant in AD as the current standard therapies of AD did not achieve a great progress 

in this field, so the need for new strategies for dealing with AD had grown up in the last years. This study which is 

in our hand provides a new approach for dealing with AD, a study which needs further clinical trials for 

confirmation of our study. 

 

5. Conclusion 
In conclusion, tempol is a promising protective agent against AD progression able to suppress Aβ deposition and 

ameliorate oxidative stress markers as MDA in addition to enhancement of defense protective antioxidant enzymes 

as SOD and GSH.  
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