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Abstract 

 
Background and purpose: Increasing evidence indicates that oxidative stress is an important factor in the 
pathogenesis and progression of Alzheimer’s disease (AD). Betaine is trimethylglycine with antioxidant and 
neuroprotective properties. The present study aimed to evaluate the possible beneficial effects of betaine on 
oxidative stress and memory deficits induced by intrahippocampal injection of amyloid beta (Aß) in an AD 
model.  
Experimental approach: Forty adult male Wistar rats were divided into 5 equal groups: the control and Aß 
groups which received oral gavage of saline (1 mL daily) for 14 days. The other 3 groups (betaine + Aß) 
received betaine (5, 10, and 15 mg/kg, orally) for 14 consecutive days. On the 15th day, all of the groups were 
injected bilaterallyintrahippocampal of Aß (5 µg/µL), except controls that were injected with normal saline as 
a vehicle. Seven days after the Aß injection, memory was assessed in a passive avoidance test. Changes in 
catalase activities and glutathione peroxidase, glutathione, and malondialdehyde concentrations were 
investigated to determine the antioxidant activity in the rat hippocampus.   
Findings/Results: Data showed that betaine pretreatment of Aß-injected rats improved memory in avoidance 
tasks. In addition, betaine pretreatment attenuated oxidative stress. 
Conclusion and implications: The current findings showed that oral administration of betaine could prevent 
Aß-induced impairment of memory possibly through suppression of oxidative stress in the hippocampus area 
of rats. 
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INTRODUCTION 

 

Alzheimer’s disease (AD) is a 
neurodegenerative disorder characterized 
clinically by cognitive dysfunction and memory 
loss (1). Abnormal accumulation of 
extracellular senile plaque of the amyloid-ß 
peptide (Aß) and intracellular hyper-
phosphorylated-tau proteins are the main 
neuropathological hallmarks of AD (2). 
However, studies show that in brain areas 
involved in AD, the levels of oxidative damage 
biomarkers are increased indicating an 
important role of oxidative stress in the 
pathogenesis of AD (3). In addition, several 

lines of evidence have shown that one of the 
main mechanisms by which Aß accumulation 
contributed to AD pathogenesis is the induction 
of oxidative stress (4,5). Therefore, the 
prevention of oxidative stress is considered a 
potential target to inhibit AD progression and 
pathogenesis (6). 

Betaine (trimethylglycine) is endogenously 
synthesized from choline. Betaine is recognized 
as a methyl donor agent in the conversion of 
homocysteine to methionine viabetaine-
homocysteinemethyltransferase(7).  
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Elevated plasma homocysteine induces 
memory impairment and AD-like pathological 
changes in the brain (8,9), subsequently, betaine 
prevents the toxic accumulation of homocysteine. 
On the other hand, it is well-documented that 
betaine has antioxidant properties and 
supplementation with betaine was able to protect 
the brain against oxidative stress inducers such as 
ethanol and levodopa (10,11). 

In recent years, the modulatory effects of 
betaine on memory and hippocampus function 
have been reported (12-14). Research on 
mechanisms by which betaine improves 
memory performance has been carried out. A 
previous report demonstrated that the 
administration of betaine ameliorates memory 
impairments induced by water-immersion 
restraint stress via the changes in the hippocampal 
neuronal system (15). Furthermore, betaine 
increases long-term potentiation, expression of 
the synapse-associated protein, and the number 
of dendritic spines in the hippocampus of 
homocysteine-injected rats (8). Recent studies 
by Ibi and co-workers indicated that betaine 
prevents the progression of AD by improving 
the expression of genes involved in antioxidant 
activity and synapse formation in the 
hippocampus (16,17). It has been reported that 
betaine induces autophagy that leads to the 
inhibition of Aß accumulation (18). Although, 
the antioxidant properties of betaine have been 
widely studied and betaine has been introduced 
as an antioxidant agent. The effect of betaine on 
the antioxidant system in Aßinduced model of 
AD has not yet been well studied. 

Therefore, in the present study, we 
investigated the effects of betaine on Aß-
induced memory impairment in the passive 
avoidance learning task. We also investigated 
the effect of betaine treatment on Aß-induced 
changes in oxidative stress markers in the 
hippocampus area of rats. For this goal, 
glutathione peroxidase (GPx), catalase (CAT) 
activities, glutathione (GSH) levels, and 
malondialdehyde (MDA) concentrations as 
lipid peroxidation markers were measured. 

 
MATERIALS AND METHODS 

 
Animals 

In the present study, 40 adults male Wistar 
rats weighing 200-220g were used. The animals 

were housed under standard laboratory 
conditions with a natural 12/12-h light/dark 
photocycle with free access to food and water. 
All experiments were carried out in accordance 
with the Guide for the Care and Use of Laboratory 
Animals under the supervision of the ethics 
committee of Lorestan University of Medical 
Sciences with Approval No. LU. ECRA 2019/15. 
 
Treatments and kits 

Aß peptide (Aß1-42) (Enzo, Life Sciences, 
USA) and betaine(Betafin® 96%) (Biochem 
Company, Germany) were dissolved in sterile 
saline (0.9%). GPx, CAT, GSH, and MDA kits 
were obtained from Kiazist, Life Sciences, Iran. 
 
Experimental design  

Forty rats were divided into 5 equal groups 
(n = 8) including the control (normal saline as a 
vehicle was injected) and Aß groups which 
received oral gavage of saline (1 mL,daily) for 
14 days. The other 3 groups (betaine + Aß) 
received betaine (5, 10, and 15 mg/kg, orally) 
for 14 consecutive days. On the 15th day, all of 
the groups were injected bilaterally 
intrahippocampal of Aß (5 µg/µL), except 
controls that injected normal saline as a vehicle. 
Aß was injected into the CA1 region of the 
hippocampus at 5 µg/µL once on the surgery 
day. The dose of Aß was selected on the basis 
of previous studies (19,20) and a pilot study in 
our laboratory. Betaine was administered at doses 
of 5, 10, and 15 mg/kg orally once daily for 14 
consecutive days according to our report (10) 
and a previous study (6), before the 
administration of Aß(Fig. 1). 
 
Surgery and intra-CA1 administration of Aß 

Betaine treatment was stopped on the 14th 
day and the animals were anesthetized by 
intraperitoneal injection of xylazine (5 mg/kg, 
i.p.) and ketamine (100 mg/kg, i.p.) (Merck 
Company, Germany) for stereotaxic surgery. 
Rats were placed on a stereotaxic frame 
(ST3000 Company, Iran) and two stainless steel 
guide cannulas (21-gauge) were inserted into 
the skull 1 mm above the CA1 region of the 
hippocampus (Fig. 2). The coordinates for the 
CA1 were AP: 3.3 mm posterior to bregma, L: 
±2 mm lateral to the midline and DV = 2.8 mm 
ventral from the skull surface according to the 
atlas of Paxinos and Watson (21).  
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Fig. 1. The experimental protocols for the betaine effect on oxidative stress and cognitive dysfunction in an amyloid β-
induced rat model of Alzheimer’s disease. 

 

 
Fig. 2. The coronal sections of the rat brain show the 
approximate location of the CA1 injection sites in the 
experiments.  

 
 
Fig. 3. Passive avoidance apparatus. 

 
 

The intra-CA1 injection was carried out 
through 27-gauge needles attached to the 5-μL 
Hamilton micro syringes via a polyethylene 
tube. One µL of Aß or saline was injected into 
the right and left CA1 hippocampus (0.5 µL 
each side). The injection time was 2 min and the 
needles were kept in place for at least 1 min 
after injection to allow for diffusion of the 
solution away from the needle tip. At the end of 
the surgery, the rats were returned to their home 
cages and allowed 7 days for the recovery 
period.  
 
Inhibitory avoidance apparatus 

The inhibitory avoidance apparatus 
(Medicine Teb Company, Iran) was used to 
evaluate memory (Fig. 3). The apparatus 
consisted of two light and dark chambers which 

were separated by a guillotine door. The walls 
and floor of the light compartment consisted of 
white opaque resin. The floor of dark chambers 
consisted of stainless-steel rods of 2.5 mm 
diameter. Intermittent electric foot shocks (50 
Hz, 3 s, 1 mA) were delivered to the grid floor 
of the dark compartment using an insulated 
stimulator. 
 
Inhibitory avoidance test procedure 

Seven days after surgery the behavioral test 
was performed. Inhibitory avoidance test 
consists of 2 phases: training and memory tests. 
On the training day, rats were transported to the 
experimental room and allowed 1 h to habituate 
to the environment before the training. Then, 
each rat was placed in the light chamber of the 
apparatus. After 5 s, the guillotine door was 
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opened and the animal was allowed to enter the 
dark chamber. The latency of the animal 
crossing into the dark chamber was recorded. 
The rats which avoided more than 120 s to enter 
the dark chamber were eliminated from the 
experiment (less than 1%). Once the animal 
crossed to the dark chamber, the door was 
closed and the rat was given 1 mA electrical 
shock for 3 s. After 20 s, the animal was 
returned to its home cage. After 2 min, the 
training was repeated, if the rat did not enter the 
dark chamber during 120 s (22), the successful 
acquisition was recorded. Otherwise, in the case 
of entrance into the dark chamber before 120 s, 
the animal received the same shock again. The 
training phase was performed with a maximum 
of 3 trials. The testing phase was performed 24 
h later similar to the training phase except that 
the animals did not receive a shock. The step-
through latency was recorded up to 300 s (23).  
 
Histology 

In a pilot trial, four rats were implanted in 
CA1 regions (as mentioned in the 
“Experimental design” section). After the 
recovery period (one week), 0.5 µL of 4% 
methylene blue was injected into the CA1 
regions. The brains were extracted and stored in 
10% formaldehyde for 7 days. The brains were 
sectioned and the needle tip location was 
determined according to a rat brain atlas 
(Paxinos and Watson, 2007). 
 
Biochemical tests 
Tissue preparation for biochemical analysis 

After behavioral tests, each animal was 
decapitated upon light ether anesthesia and after 
killing their hippocampi were removed. The 
hippocampi were thawed and homogenized in a 
cold phosphate buffer (0.1 M, 5 mol/L EDTA, 
pH 7.4) and then centrifuged at 2000 g for 5 
min. We used supernatants for the measurement 
of MDA concentration as lipid peroxidation 
markers, protein concentration, and antioxidant 
enzyme activities. 
 
Quantificationof GSH content 

The GSH content was measured using a 
GSH kit based on its manufacturer’s 
instructions. GSH content was evaluated by 
ELISA reader (Biotek, USA) against blank at 
405 nm and expressed as (nmol/mg protein). 

Assay of GPx activity 
GPx activity was measured with a GPx 

detection kit according to the manufacturer’s 
instructions. The decrease in absorbance was 
measured spectrophotometrically against a 
blank at 340 nm ELISA reader. One unit (U) of 
GPx was defined as 1 μmol of oxidized 
NADPH per min per mg of tissue protein 
expressed as milliunit per mg of tissue protein 
(mU/mg protein). 
 
Measurement of MDA concentration 

MDA concentrations were measured in 
homogenate tissue with the MDA kit, as stated 
in the manufacturer’s instructions. The results 
were expressed as nmol MDA per mg of tissue 
protein (nmol/mg protein) 
 
Assay of CAT activity 

CAT activity was measured using a CAT kit 
along with the manufacturer’s instructions. The 
reaction was initiated by the addition of 
hydrogen peroxide (H2O2) and the change in the 
absorbance was followed at 495 nm. One unit 
of activity was defined as the conversion of 1 
μmol H2O2 to product per min. The CAT 
activity was expressed as mU/mg protein.  
 
Statistical analysis 

The results were expressed as means ± SEM. 
One-way ANOVA was used to analyze both 
behavioral and biochemical estimations data. 
GraphPad Prism version 9 was used to analyze 
the results (GraphPad Software, San Diego, 
CA, USA). Post-hoc comparisons between 
groups were made using an LSD test. P< 0.05 
was considered statistically significant. 
 

RESULTS 
 
Betaine improved Aß-induced inhibitory 
avoidance memory deficits 

Figure 4shows the effect of intra-
hippocampal injection of Aß on memory 
performance in avoidance tasks. Data analysis 
showed that Aß significantly lowered latencies 
to enter the dark compartment in comparison 
with the control group. Betaine treatment dose-
dependently increased latency relative 
compared to the Aß-injected group indicating 
improved memory deficit.   
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Fig. 4. Effect of betaine on memory deficit induced by 
Aß injection in inhibitory avoidance task. Betaine at 5, 
10, and 15 mg/kg significantly increased step-through 
latency in Aß-injected rats. Data are presenting the mean 
± SEM, n = 8. ***P< 0.001 indicates significant 
differences in comparison with the control group;                               
##P < 0.01 versus Aß group. Aß, Amyloid beta. 

 

 
Fig. 5. Effect of betaine at 5, 10, and 15 mg/kg on GSH 
concentration in the hippocampus of Aß-injected rats. 
Data are expressed as mean ± SEM, n = 8. **P< 0.01 
indicates significant differences in comparison with the 
control group; ##P < 0.01 versus Aß group. Aß, Amyloid 
beta; GSH, glutathione.  

 

 
 

Fig. 6. Effect of betaine at 5, 10, and 15 mg/kg on GPx 
activity in the hippocampus of Aß-injected rats. Data 
represent mean ± SEM, n = 8. ***P< 0.001 indicates 
significant differences in comparison with the control 
group; ##P < 0.01 and ##P < 0.001 versus Aß group. Aß, 
Amyloid beta; GPx, glutathione peroxidase.  
 

 
Fig. 7. Effect of betaine at 5, 10, and 15 mg/kg on MDA 
concentrations in the hippocampus of Aß-injected rats. 
Data are expressed as mean ± SEM, n = 8. ***P< 0.001 
indicates significant differences in comparison with the 
control group; ##P < 0.01 versus Aß group. Aß, Amyloid 
beta; MDA, malondialdehyde.  

 
Antioxidant activities estimation 
Reduced GSH 

Figure 5 shows the effect of Aß and betaine 
+ Aß treatment on GSH levels in the 
hippocampus of treated animals. Levels of GSH 
were significantly lowered in the Aß-injected 
group as compared to the control group. Also, 
supplementation with betaine significantly 
prevented the decrease in GSH levels induced 
by Aß. 
 
GPx activity 

The GPx activity was significantly higher in 
the Aß-injected rats as compared to the control 
group. Furthermore, pretreatment with 

betaineresulted in a significant decrease in GPx 
activity when compared to the Aß-injected 
group (Fig. 6). 
 
MDA concentration 

As shown in Fig. 7, the MDA level was 
measured in the hippocampus of Aß and Aß / 
Aß + betaine-treated groups. The analysis 
indicated that there was an increase in MDA 
level in the hippocampus of the Aß-injected 
group as compared to the control group. 
Moreover, pre-treatment with betaine 
supplements caused a significant reduction of 
MDA levels in comparison with the Aß-
injected group. 
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Fig. 8. Effect of betaine at 5, 10, and 15 mg/kg on CAT 
activity in the hippocampus of Aß-injected rats. Data are 
presented as mean ± SEM, n = 8. *P< 0.05 indicates 
significant differences in comparison with the control 
group; #P < 0.05 and ##P < 0.01 versus Aß group. Aß, 
Amyloid beta; CAT, catalase. 
 
CAT activity 

Figure 8 shows the effect of Aß and 
betaine/Aß co-treatment on CAT activity in the 
hippocampus. The analysis revealed that there 
was a statistically significant difference in CAT 
activity between the control group and rats 
treated with betaine at 15 mg/kg. 
 

DISCUSSION 
 

It has been well-documented that betaine 
enhances antioxidant defenses (24). Hence, in 
the present research, we investigated betaine’s 
effects on oxidative stress and memory 
impairment induced by Aß administration. In 
agreement with the other literature, our data 
showed that intra-CA1 Aß injection decreased 
step-through latency in avoidance tasks and 
impaired memory performance. A previous 
study indicated that Aß impairs spatial memory 
via interference with hippocampus 
function(23). The results from another study 
also indicated that injection of Aß peptide into 
the CA1 region of the hippocampus caused 
cognitive impairments in working memory 
tasks (24). In the present study, oral treatment 
of betaine, for 14 consecutive days significantly 
improved learning performance in the Aß-
injected rats as can be seen from the significant 
increase in latency times. In contrast, the lipid 
peroxidation marker (MDA) in Aß-injected rats 
increased when compared with the control 

group indicating Aß induced oxidative stress in 
accordance with a previous study (4). 

It seems that oxidative damage is one of the 
principal pathological characteristics of AD 
(24). Many of the previous studies, 
demonstrated that Aß peptide induces oxidative 
damage (25). Multiple mechanisms have been 
hypothesized for Aß peptide-induced oxidative 
damage and consequently memory deficits. 
Firstly, Aß peptides directly increase reactive 
oxygen species (ROS) production in the 
neurons and glial cells (25). Secondly, Aß 
inserted into neuronal membranes triggers a 
series of toxic events that induces lipid 
peroxidation (4). In the plasma membrane at the 
site of synapses, lipid peroxidation alters 
dendritic spines, signaling pathways, and 
receptor trafficking leading to synaptic 
dysfunction (25). Aß peptides also increase N-
methyl-D-aspartate (NMDA) receptor-
mediated calcium influx leading to 
excitotoxicity and oxidative damage (26-28). 
These pieces of evidence support that inhibition 
of Aß-mediated oxidative stress could be a 
suitable option to decrease the rate of AD 
progression. In this regard, the use of dietary 
antioxidants such as betaine as a natural 
antioxidant agent is being considered. 

The beneficial effects of herbs and herbal 
production including betaine on cognitive 
function have been suggested in previous 
studies (29-32). Chai et al. indicated that 
betaine attenuates memory impairment in AD 
by preventing Aß accumulation (8). Moreover, 
it has been reported that the administration of 
betaine improved memory impairment induced 
by lipopolysaccharidevia the action of betaine / 
GABA transporter 2 (33). Herein, we 
demonstrated that memory improving effect of 
betaine is also related to its antioxidant 
properties. It should be noted that the 
neuroprotective effects of betaine under 
oxidative stress conditions have been attributed 
to its antioxidant properties (10,11). 

GSH is the non-enzymatic antioxidant in the 
brain that is capable of preventing damage to 
cellular components caused by free radicals and 
lipid peroxidation products (34). GSH reduces 
H2O2 and lipid peroxides in a reaction that is 
catalyzed by the GPx enzyme as a cofactor (35). 
Mandal et al. showed that GSH level decreases 
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in AD and is correlated with a decline in 
cognitive performance (36). Our data showed a 
reduction in hippocampal GSH level in Aß-
injected rats that could be due to its 
consumption as a GPx cofactor which is in 
accordance with Mandal et al. findings. 
Interestingly, our data indicated that Aß 
increases GPx activity in the hippocampus of 
Aß-injected rats which is in contrast with a 
previous report that indicated a decline in GPx 
activity in the AD frontal cortex region (37). In 
the context of GPx activity in oxidative 
conditions, our previous study also showed that 
the GPx activity of the cerebellum increased in 
response to ethanol as an oxidative stress 
inducer (11). It seems increasing of GPx 
activity in the AD group is a compensatory 
mechanism to suppress oxidative stress, 
however, this elevation is unable to suppress it 
completely. It should be noted that similar to 
the studies on brain GPx levels there are 
contradictory reports about the plasma activity 
of GPx between AD and control groups (38). 
We also found that betaine treatment increased 
GSH levels in the Aß-injected group. 
Moreover, betaine scavenges ROS and 
decreases oxidative stress, subsequently 
preventing increased GPx activity in the level 
of mRNA as well as/or enzyme activity. 

Lipid peroxidation, a process in which ROS 
attacks unsaturated lipids in the cellular 
membranes and produces a wide variety of 
oxidant products, is an important consequence 
of oxidative stress (39). The brain has high 
levels of unsaturated lipids making the brain 
more vulnerable to oxidative stress (40). 
Benseny-Cases et al.showed that Aß plaques 
always co-localized with oxidized lipids in 
tissue samples of brains affected by AD (41). 
MDA is an important product of lipid 
peroxidation implicated in the pathogenic 
cascade in AD (39). In agreement with these 
studies, we found that MDA levels increased in 
the hippocampus sample of Aß-treated rats 
indicating enhanced oxidative stress. In 
contrast, betaine lowered MDA concentration 
in the betaine-treated rats. 

CAT as an antioxidant enzyme can 
neutralize H2O2 produced in response to 
Aß(42). It has been recognized that Aß binds to 
CAT in a dose-dependent manner leading to 

CAT inhibition and decreasing enzyme activity 
in AD (43). However, we observed no 
statistically significant differences in CAT 
activity between the control Aß-treated rats. On 
the other hand, it seems that there was a 
significant difference between control 
andbetaine-treated rats. One possible 
explanation for our present data could be 
insufficient concentrations of Aß that were 
unable to inhibit CAT activity, however, it is 
needed to be clarified in future studies. 
 

CONCLUSION 
 

We found that the attenuation of memory 
deficit by betaine is directly associated with the 
antioxidant properties of betaine. These results 
provide further support for the hypothesis that 
betaine could be considered a good candidate as 
an antioxidant agent for more research in an 
animal model of AD. However, the influence of 
betaine on hippocampal synaptic plasticity, 
acetylcholinesterase activity, and memory 
molecules such as cAMP response element-
binding protein needs further investigation. 
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