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ABSTRACT
Aim: The main focus of this study is to determine blood malondi-
aldehyde (MDA), Glutathione (GSH) and nitric oxide (NO) levels in 
patients with possible Alzheimer’s disease (AD).

Material and Method: The study included 15 healthy persons 
and 15 Alzheimer’s patients aged between 65 and 79 living in 
Kars. Before taking blood samples from patients who were di-
agnosed with Alzheimer at Kafkas University Faculty of Medicine 
Neurology Service, they were applied Standardized Mini Mental 
State Examination (SMMSE) and Clinical Dementia Rating. In 
the next step, erythrocyte GSH and serum MDA, NO levels were 
determined.

Results: The difference between healthy persons and Alzheimer’s 
disease group erythrocyte GSH (p<0.05) and serum MDA (p<0.01), 
NO (p<0.001) levels were statistically significant. MMSE scores 
were significantly lower than the control group (p<0.001).

Conclusion: It was observed that AD caused lipid peroxidation 
and as a conclusion significantly increased the MDA, GSH and NO 
levels in the blood of Alzheimer patients. This study supports the 
theory that the brain is affected by increased oxidative stress in AD 
based on the data obtained.
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ÖZET
Amaç: Bu çalışmanın amacı Alzheimer hastalığı (AH) olan hasta-
larda kan malondialdehit (MDA), redükte Glutatyon (GSH) ve nitrik 
oksit (NO) seviyelerini belirlemektir.

Materyal ve Metot: Çalışmaya Kars’ta yaşayan 65 ve 79 yaşları 
arasında 15 sağlıklı kişi ve 15 Alzheimer hastası dâhil edildi. Kafkas 
Üniversitesi Tıp Fakültesi Nöroloji Servisi’nde Alzheimer tanısı konan 
hastalardan kan örnekleri alınmadan önce Standart Mini Zihinsel 
Durum Muayenesi (SMMSE) ve Klinik Demans Derecesi uygulandı. Bir 

Introduction
Alzheimer’s disease (AD) is called a gradually progress-
ing neuronal disorder disease that is symbolized by a 
change in behavior that reduces daily life activities and 
affects their ability to grasp over time. It is known that 
eventually the person tragically causes a decrease in 
quality of life and results in death. AD prevalence is an 
increasing disease1,2. Generally accepted and conclusive 
risk factors are age, sex, vascular diseases, malignancy, 
trauma, metabolic disorders, alcoholism, exposure to 
other toxic agents, gender and family history. Advanced 
age and existing of the disease of Alzheimer at the first 
degree relative have increased the possibilIty of catch-
ing the disease. The most important clinical features 
of AD are loss of memory, difficulty in daily problem 
solving and language and visuospatial deficits3–6.

sonraki adımda eritrosit GSH ve serum MDA, NO seviyeleri belirlendi.

Bulgular: Sağlıklı kişiler ile Alzheimer hasta grubu eritrosit GSH 
(p<0,05) ve serum MDA (p<0,01), NO (p<0,001) düzeyleri arasın-
daki fark istatistiksel olarak anlamlı bulundu. MMSE skorları kontrol 
grubundan anlamlı olarak düşük (p<0,001) bulundu.

Sonuç: AH’ın lipid peroksidasyon oluşumuna yol açtığı ve bu-
nun sonucu olarak AH’nın kanındaki MDA, GSH ve NO seviye-
lerini önemli ölçüde arttırdığı görülmüştür. Bu çalışma AH du-
rumunda beynin artan oksidatif stresden etkilendiği teorisini 
desteklemektedir.

Anahtar kelimeler: Alzheimer; malondialdehit; glutatyon; lipit peroksidasyonu; 
nitrik oksit
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Oxidative stress is associated with AD type dementia 
and many other neurodegenerative disorders and it is 
stated to be an important factor. These relationships 
and effects are supported by scientific data such as bio-
chemical, neurological findings, genetic and molecular 
studies7–9.

In normal life, free radicals are formed as a result of var-
ious factors. Reactive oxygen species, DNA, proteins, 
lipids and carbohydrates can easily react strongly by at-
taching to various molecules and cause serious damage 
to cells10–11. Generally, the attack of reactive oxygen-
type agents on lipids, especially polyunsaturated fatty 
acids (PUFAs), can be defined as lipid peroxidation. 
The lipid peroxidation reaction caused by reactive oxy-
gen species on the lipids creates some oxidation prod-
ucts, aldehydes. These aldehydes, which can be defined 
in various biological structures, form biologically ac-
tive molecules that create new oxidative damage. There 
are common pathological processes associated with 
malondialdehyde (MDA), one of the most studied of 
these aldehydes12.

It is stated that free radicals play an effective role in 
the exposure of a large number of physiological and 
neurological diseases and the progression of the dis-
ease course. Oxidative stress caused by free radicals 
has been associated with the etiopathogenesis of neu-
rogenerative diseases such as Huntington, Parkinson 
and Alzheimer’s disease, and some neuropsychiatric 
diseases such as anxiety, schizophrenia disorders and 
depression or bipolar disorder7,13–15.

In relation to this, it states that the individuals with 
Alzheimer’s type dementia and cognitive impairment 
have high the amount of of lipid peroxidation agents 
in the central nervous system and environmental 
tissues15,16.

It has been shown to be closely related to neurodegen-
eration, which is the result of oxidative stress-induced 
damage in the brain of Alzheimer’s disease. In addition, 
there are various links between oxidative stress and the 
formation of amyloid plaques and antioxidant enzymes. 
Therefore, it is stated that oxidative damage leads to 
changes in the certain activity of the antioxidant system 
and consequently mitochondrial disorders8,11,13,16.

Physiological aging is seen as an inevitable process that 
gradually develops due to the collection of some oxida-
tive lesions. It is stated that cell, tissue or organ injuries 
caused by uncontrolled oxidative stress are caused by 
the disparity between oxidants and antioxidants. This 

imbalance, which can lead to homeostasis, is caused 
by the weakening of antioxidant barriers and non-en-
zymatic antioxidant factors, including enzymes 2,16–18. 
Therefore, it is suggested that excessive aggregation of 
free radicals triggers antioxidant defenses and leads to 
reduction of the body’s antioxidant reserves15,16.

Glutathione (GSH), an antioxidant, is present in 
many cells in milimolar concentrations. It is also the 
most common antioxidant in the brain. It is known 
that GSH, which contains thiol in its structure, reacts 
with ROS, nucleophilic compounds and lipid peroxi-
dation products and shows a protective effect against 
them. Reduced GSH, which can react with free radi-
cals, forms oxidized glutathione (GSSG) via the gluta-
thione peroxidase (GPx) enzyme. GSSG is converted 
into GSH molecules via GSH reductase (GR) using 
reduced equivalent NADPH10,17,19.
γ-glutamylcysteine ligase and glutartion synthase en-
zymes are involved in the synthesis of GSH, which 
consists of glutamate, cysteine and glycine amino ac-
ids. Because the amount of cysteine present in the 
brain reduces the formation of GSH, most studies have 
focused on indirectly increasing the levels of GSH in 
the brain. In this context, it is stated that N-acetyl-L-
cysteine (NAC) directly increases the physiological 
levels of cysteine in the brain and increases it to GSH 
biosynthesis both in and around the brain 20. In addi-
tion, it is stated that γ-Glutamylcysteine ethyl ester 
(GCEE) is the stimulant of cysteine, which plays a role 
in increasing GSH biosynthesis in the brain and its 
surroundings. It is also stated that γ-glutaminecysteine 
ligase is the precursor to the last phase in GSH syn-
thesis, avoiding feedback inhibition. It is stated that 
astrocytes, the neuroinflammatory component that is 
prominent in AD, are the main supplier of GSH in mi-
croglia and neurons. In the presence of oxidative stress, 
these astrocytes are said to release toxic mediators, 
such as free radicals, causing inflammatory agents that 
accelerate neuronal disruption21.
Among the other oxidative stress sources or modulators 
associated with AD, one of its important mechanisms 
is stated to be Nitric Oxide (NO). Reports investigat-
ing the mechanisms by which oxidative stress triggers 
certain disruptions in NO releasing and expressing its 
physiological and pathophysiological importance for 
neuronal disruption in AD are presented 22,23.
During aging and pathological processes, it is expressed 
that NO behavior can be harmful when it reacts with 
the superoxide anion to form peroxide24. It is stated 
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that NO and oxidative stress play a very important 
role in the early and advanced stages of neurodegen-
erative diseases and at the same time contributing to 
their progress. In neurodegenerative diseases, it has 
been recognized as a key factor in the mechanisms of 
NO-mediated vascular disorder, particularly in which 
it emphasizes the effect of reactive oxygen species25.

Material and Method

The study included 15 healthy persons and 15 
Alzheimer’s patients aged between 65 and 79 living in 
Kars. Before taking blood samples from patients who 
were diagnosed with Alzheimer at Kafkas University 
Faculty of Medicine Neurology Service, they were ap-
plied Standardized Mini Mental State Examination 
(SMMSE) and Clinical Dementia Rating26. Then, lev-
els of erythrocyte GSH and serum MDA, NO were 
determined.

Serum Analyses
It has been determined according to the method of 
Placer et al, which is based on the chromogen color 
measurement formed as a result of thiobarbituric acid 
(TBA) reaction with MDA, which is the final prod-
uct of polyunsaturated fatty acid peroxidation27. As a 
standard, the solution concentration of 1.1.3.3-tetrae-
thoxypropane (Sigma Chemical Company St. Louis, 
MO, USA) prepared at the rate of 0, 0.05, 0.1, 0.15 and 
0.2% was used. The results were measured using TBA-
MDA extinction coefficient (ε=153 nmol l-1 cm-1) 
and expressed in malondialdehyde (MDA) concen-
tration (nmol/ml serum). Nitric oxide determination 
in plasma was determined spectrophotometrically by 
Miranda et al.28. The nitrate and nitrite concentrations 
were determined by looking at the calibration curve 
and NO concentration was found.

RBC Analyses
The GSH level of hemolized RBC was determined spec-
trophotometrically using Ellman’s reagent29. According 
to the cyanemhemoglobin method, hemoglobin con-
centration was determined in lysed erythrocytes.

Results
The focus of this dissertation is the research of MDA, 
GSH and NO levels in blood samples taken from 
Alzheimer’s patients. (Table 1). In our study, newly 
diagnosed Alzheimer’s patients were younger than the 

other part of the study group. However, there is a corre-
lation (CC=0.56, p<0.05) between the diagnosis time 
and age. The most noticeable changes in the parameter 
values associated with oxidative stress were found in 
the newly diagnosed AD group. Compared to control, 
MDA level was found to be high in both newly diag-
nosed patients and patients with long-term neuronal 
disorders. Moreover, the data in the two groups were 
statistically significant. GSH levels were significantly 
lower in newly identified patients compared to con-
trols. NO parameter levels were significantly higher 
in the patient group compared to the healthy group. 
Similarly, MMSE scores were also significantly lower in 
the patient group than in the control, in line with other 
parameters (p<0.001).

Discussion
Oxidative damage has proven to be a serious factor in 
the formation and continuation of neurodegenerative 
disorders. It is also likely identified as a direct initiation 
factor in neurodegeneration.

Oxidative damage is one of the main etiopathogenetic 
factors of AD. Oxidative damage that is common in the 
brain in AD has been associated with aging. Free radi-
cal species that cause oxidative damage damage organic 
molecules such as protein, lipid, cellular organelles 
such as mitochondria and DNA. So it can activate the 
cell cycle. It contributes to neuronal damage by limit-
ing endogenous antioxidant defenses in the brain30,31.

Some reports support that oxidative and nitrosative 
stress is an active factor in the manner of development 
of AD32,33. The current link between oxidative damage 
caused by oxidative stress-induced ROS production 
and AD amyloid-β (Aβ) plates and their results for 
molecules associated with them is stated at the mo-
lecular level34.

Table 1. Statistical comparison of erythrocyte GSH and serum MDA and 
NO values in groups

N
Control
X ± SD

 Experimental
X ± SD

MDA (nmol/ml) 15 7.59±0.20* 8.81±0.65*

GSH (µmol/ml)
NO (µmol/ml)
MMSE 

15
15
15

6.13±0.16**
28.70±0.47***

26±1.43***

6.28±0.36**
33.01±1.08***

13±2.31***

N: Number of individuals in each group
X ± SD: Mean ± Standard deviation
*p<0.01; **p<0.05; ***p<0.001
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1). In Alzheimer’s disease, glutathione levels are expect-
ed to decrease due to the drop of astetilcholine. On the 
other hand, it was concluded that the drugs used by the 
patients in our study increased the level of acetylcho-
line and that the increased acetylcholine provided the 
cysteine amino acid required for the synthesis of gluta-
thione. In addition, differences in food consumption 
habits of patients included in the study may affect the 
level of glutathione. As a further point of view, it was 
concluded that free radicals would increase the level of 
glutathione in order to eliminate the harmful effects of 
free radicals in the organism.
NO, a gaseous molecule that can easily spread to the 
surrounding tissue, is synthesized by an enzymatic ac-
tivity performed by the family of NO synthase (NOS) 
oxidizing citrulline and L-arginine (L-Arg). Potential 
NO sources in the brain are neurons, glia, and vascu-
lar cells that can express NOS24. In neurodegenerative 
diseases, especially NO-mediated vascular disorder is 
considered to be an important factor in the mecha-
nisms that emphasize the effect of reactive oxygen spe-
cies48. The latest literature shows that oxidative stress 
together with NO plays a role in both early and ad-
vanced stages of neurodegenerative diseases and that 
it supports their progression 23,49,50. In some studies, 
postmortem brain tissues have been shown to cause 
free radical formation in some studies and pathologi-
cal changes related to it have been described 30,51. In a 
study conducted in control and Alzheimer’s patients, 
neurons of Alzheimer’s patients had diffuse amounts 
of iNOS, but no was found in control individuals 52. 
In another study, nNOS, (inducible nNOS) iNOS 
and nitrosin-nitrate values of NOS isoforms (neuronal 
nNOS) from the cortex of the post-mortem brain of 
Alzheimer’s patients were analyzed, and immunoreac-
tivity of nNOS, iNOS and nitrotyrosin were recorded 
in neuron and glial cells 53. The NO level difference in 
the plasmas between healthy and Alzheimer patients’ 
groups are found statistically significant (p<0.001) 
(Figure 2). In conclusion, in our study, NO level was 
found to be high in patients with AD. It was conclud-
ed that increased NO level in AD may be increased by 
nNOS and iNOS related to the learning and memory 
part of the brain.
Standard Mini Mental Test (SMMT) is the most com-
mon test used to quantitatively evaluate cognitive per-
formance in standard neuropsychiatric examination 
methods. Nowadays, clinical practice is used to detect 
cognitive disorders, to monitor the course of dement-
ed syndromes and to monitor responses to treatment. 

Lipid peroxidation products have been highly associ-
ated with the development and progression of AD35,36. 
Therefore, we have worked as potential biomarkers 
of disease. In our study, MDA caused by free radicals 
affecting lipids was found to be significantly higher 
in AD group (Figure 1). The increase of free radical 
damage products in AH is consistent with the results 
of other investigators16,37. As potential biomarkers for 
AD, some lipid peroxidation products was examined 
in human samples with variable results. MDA is the 
most evaluated biomarker in blood samples. In general, 
AD patients had higher serum levels than healthy sub-
jects38. In plasma, MDA levels have been shown to be 
higher in patients than in healthy individuals39. In all 
cases; MDA, which is an indicator of oxidative stress 
and especially lipid peroxidation, can be said to be the 
molecular biomarker which is effective in the early de-
velopment of AD.

It is stated that GSH levels decrease in other age-re-
lated neurodegenerative diseases including AD40. In 
peripheral lymphocytes of AD, GSH levels decrease 
due to the increase of oxidative stress and GSSG levels 
increase accordingly. In studies, the ratio of GSSG to 
GSH is often used as a definition of redox thiol status 
and oxidative stress. It was found that as AD progress-
es, both GSSG and GSSG/GSH rates increase. Both 
colorimetric methods and HPLC methods have been 
developed to determine GSSG and total GSH (GSH 
+ GSSG) levels41–44. In some studies, the level of GSH 
in individuals with Alzheimer’s is lower than in healthy 
people. Antioxidant use increases in Alzheimer’s pa-
tients due to the effects of free radicals, resulting in 
decreased levels of antioxidants45–47. However, in our 
study, an increase in GSH values was observed (Table 

Figure 1. GSH levels in healthy group and Alzheimer patients.
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Also, it is a popular test which is applied in epidemio-
logical studies about elderly people living in the com-
munity or in an institution54. When the results were 
evaluated, it was seen that the patients in the study 
group were statistically higher than the control group 
(Table 1). These findings are consistent with previous 
studies45,46,55,56.

Consequently, these data support the idea that oxida-
tive stress has a prominent feature in the development 
or triggering of AD. In addition, we believe that in-
creases and changes in oxidative stress parameters can 
be a guide in both early and later stages of AD. Also, 
the increase in the amount of lipid peroxidation and 
the decrease in the amount of antioxidants can direct 
the curative options of affected parameters specific to 
AD at the time after diagnosis of the disease.
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