
Summary: Effect of fish oil on oxidative stress markers 
in patients with probable Alzheimer´s disease. High 
intake of omega-3 fatty acids has been associated with 
synaptic plasticity, neurogenesis and memory in several 
experimental models. To assess the efficacy of fish oil 
supplementation on oxidative stress markers in patients 
diagnosed with probable Alzheimer´s disease (AD) we 
conducted a double blind, randomized, placebo controlled 
clinical trial. AD patients who met the inclusive criteria were 
given fish oil (containing 0.45 g eicosapentaenoic acid and 
1 g docosahexaenoic acid) or placebo daily for 12 months. 
Oxidative stress markers [lipoperoxides, nitric oxide 
catabolites levels, oxidized/reduced glutathione ratio, and 
membrane fluidity] and fatty acid profile in erythrocytes 
were assessed at enrollment, and 6 and 12 months after the 
start of the testing period. At the end of the trial, in patients who 
received fish oil, we detected a decrease in the omega 6/omega 
3 ratio in erythrocyte membrane phospholipids. This change 
was parallel with decreases in plasma levels of lipoperoxides 
and nitric oxide catabolites. Conversely, the ratio of reduced to 
oxidized glutathione was significantly increased. In addition, 
membrane fluidity was increased significantly in plasma 
membrane samples. In conclusion fish oil administration has 
a beneficial effect in decreasing the levels of oxidative stress 
markers and improving the membrane fluidity in plasma. Arch 
Latinoam Nutr 2020; 70(2): 123-133. 
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Resumen: Efecto del aceite de pescado sobre los 
marcadores de estrés oxidativo en pacientes con probable 
Alzheimer. El alto consumo de ácidos grasos omega-3 se 
asocia con la plasticidad sináptica, neurogénesis y memoria en 
varios modelos experimentales. Para evaluar la eficacia de la 
suplementación con aceite de pescado en los marcadores de 
estrés oxidativo en pacientes con diagnóstico de la enfermedad 
de Alzheimer (EA) probable realizamos un ensayo clínico 
doble ciego, aleatorizado, controlado con placebo. A los 
pacientes con la EA que cumplían los criterios de inclusión 
se les administró aceite de pescado (que contenía 0,45 g de 
ácido eicosapentaenoico y 1 g de ácido docosahexaenoico) 
o placebo diariamente durante 12 meses. Los marcadores 
de estrés oxidativo plasmático [niveles de lipoperóxidos y 
catabolitos del óxido nítrico, cociente de glutatión reducido 
a glutatiónoxidado) y fluidez de la membrana] y el perfil 
de ácidos grasos en los eritrocitos se evaluaron al inicio, 6 
meses y alos 12 meses. Al final del ensayo, en pacientes que 
recibieron aceite de pescado detectamos una disminución en el 
cociente de ácidos grasos omega 6/omega 3 en los fosfolípidos 
de la membrana eritrocitaria. Este cambio ocurrió en paralelo 
a la disminución de los niveles plasmáticos de lipoperóxidos 
y catabolitos del óxido nítrico. Por el contrario, el cociente 
de glutatión reducido a glutatión oxidado se incrementó 
significativamente. Además, la fluidez de la membrana 
aumentó significativamente en las muestras analizadas. En 
conclusión, la administración de aceite de pescado tiene un 
efecto beneficioso al disminuir los niveles de marcadores de 
estrés oxidativo plasmático y mejorar la fluidez de la membrana 
plasmática. Arch Latinoam Nutr 2020; 70(2): 123-133. 

Palabras claves: Enfermedad de Alzheimer, aceite de pescado, 
fluidez de membrana, estrés oxidativo.
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Introduction

Alzheimer’s disease (AD) is the most common 
neurodegenerative disorder and is clinically associated 
with cognitive impairment, loss of language and changes 
in the behavior. The main neuropathological changes of 
AD are the abundant amyloid plaques, neuropil threads, 
and dystrophic neurites containing hyperphosphorylated 
tau protein that are accompanied by astrogliosis and 
microglial cell activation (1). Increased generation of 
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reactive oxygen species (ROS) and inflammatory 
mediators are associated with loss of mitochondrial 
function, altered metal homeostasis and lower levels 
of antioxidant defenses. These mediators directly 
affect synaptic activity and neurotransmission 
which lead to cognitive dysfunction (2). Therefore, 
it has been suggested that the use of molecules 
that modulate inflammation and oxidative stress 
may have a positive effect in the early stages of 
AD. Causative treatments of AD are not currently 
available and the drugs licensed are some 
acetylcholinesterase inhibitors and a N-methyl-D-
aspartate receptor antagonist, which ameliorate the 
neurotransmitter alterations alterations but do not 
significantly prevent disease progression (3).

Omega-3 polyunsaturated fatty acids (PUFAs n-3) 
are well known to be an important component 
of cell membranes in the brain and are crucial to 
maintain cellular activity by modulating membrane 
order, gene transcription, cell signaling, and 
enzymatic activity. In fact, membrane lipids 
convey information and actively participate in 
presynaptic function (4). Fish oil is a significant 
source of PUFAs n-3 such as eicosapentaenoicacid 
(EPA) and docosahexaenoic acid (DHA). DHA 
constitutes more than 30% of the total phospholipid 
composition of plasma membranes in the brain 
(5). Studies in humans and animal models have 
shown a beneficial effect of EPA and DHA intake 
in a variety of neurodegenerative conditions. For 
instance, the Framingham heart study showed that 
persons with a high plasma phosphatidylcholine 
DHA values had lower risk of developing dementia 
and a DHA-EPA intake of 380 mg/day seemed 
to prevent cognitive decline (6). However, other 
epidemiological studies suggest that fish intake 
is just part of a dietary and behavioral pattern, 
synergistically associated with a protection versus 
AD (7-9). Thus, there is no consistent evidence 
about the efficacy of PUFAs n-3 as complementary 
AD treatment in the short and medium term (10). 
The purpose of the present study was to assess the 
effect of dietary fish oil supplementation on the 
fatty acid composition of erythrocyte membranes 
and plasma oxidative stress markers in patients 
with probable AD.

Materials y methods

Study design

A randomized, double blinded clinical trial was performed 
at the Cognitive Impairment Clinic of the Neurology  
Department of the Western National Medical Center, 
Mexican Institute of Social Security at Guadalajara, Jalisco, 
Mexico. This study was performed according with the 
updated Declaration of Helsinki and all procedures were 
approved by the Ethics and Health Research Committee 
of the Mexican Social Security Institute (Protocol number: 
2014-785-011). 

All patients were assessed by the Mini Mental State Evaluation 
(MMSE). Then, a comprehensive neuropsychological 
assessment was performed in patients with MMSE score less 
than 23 for alphabetized subjects and 20 for non-alphabetized 
subjects (11). Patients fulfilling criteria of the Diagnostic and 
Statistical Manual of Mental Disorders, fifth edition (12), and 
the National Institute of Neurological and Communicative 
Disorders and Alzheimer's Disease and Related Disorders 
Associationwere included in this study (13). In addition, 
the enrolled patients had stage 3 based on the Functional 
Assessment Staging Scale (14) and were elderly adults.

Patients had at least a 2.5-year history of cognitive 
decline. Patients were excluded if they were taking another 
supplement; had history of acute liver or renal dysfunction; 
had history of tobacco, drug, or alcohol abuse; had intolerance, 
contraindication, or allergy to fish oil; and had customary 
antioxidant intake.  At the study entry and at 6 months and 
12 months after enrollment blood samples were collected to 
ascertain fatty acid profile of erythrocyte plasma membrane 
and plasma oxidative stress markers. In addition, at baseline  
and the end of the trial, laboratory parameters measured 
included levels of lipids, hemoglobin, leukocytes, platelets, 
glucose, thyroid-stimulating hormone and thyroxine, and 
some markers to ascertain kidney and liver function.

Randomization and blinding

Twenty patients diagnosed with probable AD were randomly 
assigned in a 1:1 ratio to receive fish oil or placebo, with 
a computer-generated randomization sequence. Fish oil and 
placebo were administered in pharmaceutical gels forms 
containing water, gelatin, gum, and sugar and were identical in 
appearance, packaging, and labeling. Fish oil gels contained 
0.45 g EPA and 1 g DHA. Randomization and allocation 
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available kit (FR12; Oxford Biomedical Research, 
Oxford, MI, USA) according to the manufacturer´s 
instructions. 

To determine nitric oxide catabolites, plasma 
samples were deproteinizedwith zinc sulfate, 
followed by centrifugation at 10000 xg at 4°C 
for 10 min. Then, 100 μL vanadium (III) chloride 
(8mg/mL) was added to 100 μL of supernatants for 
reduction of nitrate to nitrite and this was followed 
by addition of the Griess reagents. After 30 min 
incubation at 37°C, absorbance of the samples was 
read at 540 nm (17). A standard curve (0-150 μmol) 
sodium nitrite was established.

Total glutathione levels were assessed by the 
enzymatic recycling process wherein, the reduced 
glutathione (GSH) was oxidized by 5,5´-dithiobis-
2-nitrobenzoic acid to give 2-nitro-5thiobenzoic and 
oxidized glutathione (GSSG). GSSG was reduced 
to GSH by the action of glutathione reductase and 
NADPH. The rate of 5-thio-2-nitrobenzoic acid 
formation was monitored at 412 nm. A standard 
curve (0-100 μmol/L) GSH was established. GSSG 
was determined by the aforementioned recycling 
method. However, the samples were treated with 
2-vinylpyridine in order to eliminate all the GSH 
(18).

The fluidity of plasma membranes was 
quantitatively estimated from the excimer to 
monomer fluorescence intensity ratio (le/lm) 
of the fluorescent probe 1,3 dipyrenylpropane 
(DyPP) incorporated in plasma membranes as 
reported elsewhere (19). In this method a high Ie/
Im value indicates high membrane fluidity (19). 
The reference value of Ie/Im in healthy subjects is  
0.36 ± 0.04.

Statistical Analysis

Data were analyzed as mean values ± standard 
deviation. Mann-Whitney U test was performed 
to assess differences between baseline and final 
parameters in group assigned to fish oil or placebo. 
Also a nonparametric and multivariate analysis 
of variance for repeated measurements (ANOVA) 
was done to determinate whether there was time 

were concealed from the researchers and patients until the 
final analyses were completed. Identification numbers were 
assigned to assure patient confidentiality. Informed consent 
was obtained from the patient and caregiver (when indicated) 
by a physician staff. All patients were instructed to ingest 
orally one gel daily. Participants reported daily consumption 
of the supplement in a consumption posting sheet. The rate 
of adherence to treatment was >80% and was determined by 
using the following formula: 

Adherence to treatment (%) = number of gels actually taken 
from the last count/number of gels should be taken at the 
same stage x 100%.

Outcomes measurements

Peripheral venous blood were obtained by venipuncture from 
all study participants after an 8-h overnight fast and collected in 
Vacutainer® polypropylene tubes (Becton Dickinson, Franklin 
Lakes, NJ, USA) containing ethylenediaminetetraacetic acid 
(EDTA). The plasma and the globular concentrate were 
separated by centrifugation at 1000 xg for 10 minutes at 
4°C. Erythrocytes were washed in PBS buffer containing 1.4 
mM KH2PO4, 8 mM Na2PO4, 140 mM NaCl, 2.7 mM KCl 
(pH 7.3), by centrifugation at 2500 xg for 5 min. Then, were 
lysed with 5 volumes of 10 Tris buffer and membranes were 
collected by centrifugation at 11400 xg for 30 minutes at 4°C. 
Erythrocyte membranes were washed three times with Tris 
buffer by centrifugation each time, and resuspended in 200 μl 
of PBS buffer and stored at -80 °C until use.

Fatty acid composition of erythrocyte plasma membrane 
were assessed after lipid extraction with chloroform/
methanol (2:1, v/v) according to the Folch method (15) 
using 25 μg of heptadecanoic acid as internal standard, 5 mg/
mL of erythrocyte membrane proteins resuspended in PBS 
buffer (pH 7.3) containing butylhydroxytoluene (0.002 %, 
v/v). Then, fatty acids were esterified to their corresponding 
methyl esters as described by Tserng et al.,(16) and methyl 
esters were extracted with hexane-diethylether (1:1, v/v) 
and evaporated to dryness under a stream of nitrogen gas 
(16). Identification of methyl esters was performed with a 
Shimadzu gas chromatograph (GC 2010, Kyoto, Japan) 
equipped with an auto-injector/autosampler (AOC-20i). 
Analysis of peak areas was performed with the Shimadzu GC 
solution software (version 2.3, Shimadzu, Kyoto Japan).

Lipoperoxides in plasma were evaluated using a commercially 
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differences in fish oil or placebo groups. A value 
of p <0.05 was considered statistically significant. 
The analyses were done in SPSS version 21.

Results

As shown in Figure 1, of the 87 AD patients treated 
at the Cognitive Impairment Clinic of the Neurology 
Department, 20 of them met the inclusion criteria 
and were randomly assigned to receive fish oil (10  
patients) or placebo (10 patients). At the end of the 
intervention, 17 patients completed the 1-year trial. 
In the fish oil group, two patients withdrew from 
the study; one due to lack of adherence to treatment 
and other one due to an intolerable fishy aftertaste. 
In the placebo group, one patient discontinued 
study participation because of the development of 
arterial hypertension.

The demographical data and blood biochemical 
markers at baseline were similar between the 
intervention groups and were also within normal 
ranges, although minor increases in aspartate 

aminotransferase and alanine aminotransferase activities 
were detected in the fish oil group at the end of the intervention 
(Table 1).

Table 2 shows the fatty acid composition of erythrocyte 
plasma membranes in patients receiving fish oil as dietary 
supplement or placebo. After 6 months of intervention, in the 
fish oil group there were significant increases in the percentage 
of stearic acid, behenic acid, EPA, DHA and a significant 
decrease of arachidonic acid. These changes remain at similar 
values at the end of the intervention. Therefore, the omega-6/
omega-3 ratio decreased significantly at 6 months and the end 
of the intervention. In contrast, in the placebo group, the fatty 
acid composition at the end of the intervention was similar at 
baseline. 

As seen in figures 2A and 2B, the plasma levels of 
lipoperoxides and nitrites-nitrates at baseline were similar 
between the fish oil group and placebo group. Nonetheless, 
significant decreases of both oxidative stress markers were 
seen at 6 months and 12 months for patients in the fish oil 
group. In contrast, no changes were detected for the placebo 
group. The fluidity of plasma membranes in the fish oil group 
was similar in the fish oil group and placebo group at baseline 

Figure 1. Flow diagram for patients follow‐up.

Assessed for elegibility 
(n = 87)

Excluded (n = 3)
Did not meet inclusion criteria (n = 28)
Refused to participate (n = 8)

Randomly assigned
(n = 20)

Allocated to fish oil (n = 10)
1.45 g/day  (0.45 g EPA+1 g DHA)

Allocated to placebo (n = 10)
1.45 g/day of placebo

Dropped out
Adherence <80% (n = 1)
Fishy aftertaste (n = 1)

Dropped out
Arterial hypertension (n = 1)

Analyzed 
(n = 8)

Analyzed 
(n = 9)
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Table 1. Demographic data and clinical characteristics of subjects enrolled in the study

Basal 12 months
Placebo Fish oil Placebo Fish oil

men/women 1/9 2/8

Age (years) 70.6±12.1 73.3±13.5

Glucose (mg/dL) 96±0.9 92±0.8 98±0.5 96±0.5

Urea (mg/dL) 31±0.2 28±0.6 30±0.3 28±0.8

Creatinine (mg/dL) 0.7±0.1 0.7±0.2 0.8±0.2 0.7±4

Uric acid (mg/dL) 3±0.9 4±0.3 5±0.6 4±0.4

Hemoglobin (g/dL) 13±0.9 14±0.3 13±0.8 14±0.5

Hematocrite (%) 41±0.8 42±0.3 40±.5 41±0.5

Platelets (thousans/Ál) 219±0.5 194±0.7 200±12 250±8

Cholesterol (mg/dL) 202±0.7 175±0.5 198±0.5 178±0.8

Triglicerides (mg/dL) 122±0.4 165±0.3# 178±0.8* 166±0.9

HDL-cholesterol (mg/dL) 48±0.5 43±0.3 48±0.5 42±0.7

VLDL-cholesterol (mg/dL) 26±0.1 33±0.3 28±0.5 26±0.5

Aspartate aminotransferase (U/L) 20±0.9 45±0.5# 38±0.8 32±0.5

Alanine aminotransferase (U/L) 22±0.6 44±0.7# 32±0.5 38±0.5

Thyroid-stimulating hormone (IU/mL) 2±0.9 2.6±0.6 2.6±0.4 2.4±0.8

Thyroxine T4 (ng/dL) 1.4±0.1 1.6±0.7 1.8±0.5 1.4±0.5

Data are expressed as mean ± standard deviation. Comparison between groups at baseline, 6 and 12 
months were calculated with Mann-Whitney U test.*p<0.05 with respect to baseline within group. 
#p<0.05 with respect to placebo group.
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Table 2. Fatty acid composition of erythrocyte plasma membranes in  
Alzheimer´s disease patients receiving fish oil or placebo

Basal 6 months 12 months

Fatty acid Placebo Fish oil Placebo Fish oil Placebo Fish oil

C14:0 0.35±0.03 0.34±0.04 0.38±0.03 0.41±0.07 0.42±0.09 0.40±0.05

C16:0 28.05±0.66 27.83±1.32 28.23±0.41 29.02±0.68 27.54±0.90 28.87±0.95

C16:1 0.43±0.05 0.47±0.02 0.42±0.05 0.43±0.03 0.5±0.18 0.43±0.03

C18:0 15.12±0.73 14.95±0.49 15.15±0.60 18.25±0.72* 15.5±1.11 18.36±0.68*

C18:1 8.5±0.15 8.43±0.25 8.47±0.14 7.92±0.41 8.52±0.34 8.02±0.37

C18:2n6 21.78±0.9 22.74±1.02 21.77±0.67 19.76±1.28 21.81±0.62 19.57±1.16

C18:3n6 0.03±01 0.04±0.01 0.04±0.00 0.03±0.01 0.03±0.01 0.028±0.01

C20:0 0.41±0.01 0.40±0.09 0.41±0.01 0.41±0.02 0.43±0.07 0.42±0.02

C20:3n6 3.24±0.10 3.46±0.26 3.27±0.12 2.45±0.25 3.26±0.11 2.46±0.37

C20:4n6 11.71±0.4 12.27±0.48 12.04±0.32 8.2±0.76*# 11.15±1.26 8.23±0.79*#

C22:0 0.14±0.03 0.16±0.03 0.20±0.09 0.57±0.12*# 0.31±0.14 0.56±0.13*#

C22:1 0.40±0.03 0.40±0.07 0.40±0.03 0.49±0.15 0.39±0.04 0.48±0.16

C24:0 1.10±0.9 0.26±0.12 0.28±0.18 0.29±0.05 0.33±0.21 0.29±0.05

C24:1 0.22±0.01 0.23±0.02 0.22±0.01 0.26±0.04 0.27±0.103 0.27±0.04

C20:2n6 0.36±0.05 0.40±0.09 0.37±0.06 0.33±0.05 0.38±0.06 0.32±0.06

C22:2n6 1.15±0.98 0.36±0.03 1.11±0.93 0.31±0.04 1.34±0.86 0.32±0.04

C20:5n3 EPA 1.91±0.41 1.99±0.29 1.91±0.41 3.62±0.72*# 2.02±0.48 3.71±0.62*#

C22:5n3 DPA 1.52±0.39 1.26±0.29 1.67±0.33 1.13±0.09 1.6±0.35 1.1±0.09

C22:6n3 DHA 3.63±0.31 3.92±0.38 3.57±0.35 6.02±0.21*# 3.7±0.53 6.03±0.27*#

Saturated 43.97±1.12 45.2±1.01 44.68±0.72 48.99±1.08* 44.55±1.11 48.92±1.25

Monosaturated 9.54±0.22 9.57±0.19 9.53±0.16 9.12±0.42* 9.69±0.45 9.22±0.37

Polyunsaturated 46.48±1.05 45.37±1.01 45.78±0.68 41.89±1.19* 45.32±1.07 41.79±1.16

omega-6 39.29±0.68 38.29±1.19 38.62±0.71 31.11±1.69 38.00±0.86 30.95±1.61

omega-3 7.18±0.47 7.08±0.69 7.16±0.65 10.78±0.78* 7.32±0.65 10.84±0.66

omega-6/omega-3 5.48±0.3 5.47±0.69 5.43±0.58 2.91±0.35* 5.22±0.49 2.87±0,31

Values are expressed as a percentage of total fatty acids. Data are expressed as mean ± standard deviation. 
Comparison between groups at baseline, 6 and 12 months were calculated with Mann-Whitney U test. 
*p<0.05 with respect to baseline within group. #p<0.05 with respect to placebo group.



and 6 months of intervention. However, membrane fluidity 
increases significantly at the end of intervention in the fish 
oil group (figure 2C). 

Plasma levels of GSSG and GSH were similar in both groups 
at baseline. After 6 months and 12 months of treatment 
with fish oil, oxidized and reduced glutathione levels were 
decreased and increased respectively (figures 3A and 3B). 
Therefore, the GSH/GSSG ratio was significantly increased 
in patients treated with fish oil (figure 3C).

Discussion

In recent years, epidemiological evidence suggests 
that nutrition and diet are modifiable risk factors in 
AD. Although the mechanisms by which nutrients 
modify the disease course are not elucidated, it is 
believed that oxidative stress, inflammation and 
amyloid beta-peptide (Aβ) accumulation plays a 
major role in the progression of AD (20). The results 
of our clinical trial showed that after 12 months of 
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Figure 2. Plasma levels of biochemical markers at 
baseline and after 6 and 12 months treatment with 

placebo (P) or fish oil (F). Lipoperoxide levels (A), 
nitrates plus nitrites level (B), and membrane fluidity 
(Ie/Im) (C). Data are expressed as mean ± standard 

deviation. Comparisons were calculated with Mann-
Whitney U test. *p <0.05 with respect to baseline within 

group. #p <0.05 with respect to placebo group.
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Figure 3. Plasma levels of glutathione system at 
baseline and after 6 and 12 months treatment with 

placebo (P) or fish oil (F). Oxidized glutathione levels 
(A), reduced glutathione levels (B), and GSH/GSSG 

ratio (C). Data are expressed as mean ± standard 
deviation. Comparisons were calculated with Mann-

Whitney U test. *p <0.05 with respect to baseline within 
group.  # p <0.05 with respect to the placebo group.



intervention with fish oil rich in EPA and DHA, 
the plasma levels of lipoperoxides and nitric oxide 
catabolites decreased significantly. These changes 
were correlated with a higher ratio of GSH/GSSG 
in plasma. In addition, the fluidity of the plasma 
membranes was significantly improved at the end 
of the intervention. Therefore, fish oil treatment 
shows efficacy in reducing oxidative stress markers 
in human plasma.

GSH and GSSG are the most abundant intracellular 
sulfhydryl compounds and are cosubstrates of 
glutathione peroxidase and glutathione reductase, 
respectively, and GSH plays an important role as 
a neuroprotectant by nullifying the toxic effects of 
reactive oxygen species (21). Our data showed that 
fish oil intervention increase significantly the GSH/
GSSG ratio. At this regard, it has been proposed 
that a GSH/GSSG ratio <8.73 is an excellent marker 
for oxidative stress in AD and it has been proposed 
that, when oxidative stress is limited, cells are 
able to maintain the appropriate GSH/GSSG ratio, 
causing an diminution of GSSG which decreases 
the oxidative modification of biomolecules (22).

Our findings shows that EPA and DHA were 
efficiently incorporated into the plasma membrane 
of erythrocytes after fish oil treatment and are 
consistent with the proposal that membrane 
phospholipid fatty acid composition provides a 
measure of relative dietary fatty acid intake over 
several months (23). In fact, EPA and DHA levels 
in erythrocyte membranes are a better indicator of 
long-term availability and of whether the body is 
receiving an adequate supply of PUFAs n-3 (24). 
PUFAs n-3 play and essential role in the normal 
development and functioning of brain and may 
integrate into cell membranes to change their 
physical properties. In addition, PUFAs n-3 affects 
signal transduction and modulates gene expression 
(25).

In this work it was found that an increase in the 
content of EPA and DHA in the membrane of 
erythrocyte is associated with an improvement of 
the fluidity of the plasma membranes. This can 
be attributed to the fact that EPA and DHA exert 
some of their metabolic functions forming part of 
the structure of the phospholipids that make up 

cellular membranes and provide fluidity to the membranes, 
an essential feature that allows the mobility of proteins, either 
on the surface or inside the lipid bilayer (26). In consonance, 
diets enriched in DHA have been shown to increase membrane 
fluidity of neurons and other cells (27).

The effect of PUFAs n-3 on cell membranes may be important 
due to the nature of the interaction of biological membranes 
with amyloid β peptide (Aβ) (28). Aβ oligomers seem to alter 
the membrane structure and functions and its presence is 
related to the dysregulation of cellular ionic homeostasis (29). 
Consistent with the above it is known that DHA decreases the 
amount of Aβ deposition (28) and reduced Aβ burden (30), and 
stimulates the non-amyloidogenic APP processing in cellular 
models of AD (31). In addition, enhanced membrane fluidity 
favors the non-amyloidogenic pathway of amyloid precursor 
protein processing (32) and influences Aβ aggregation, size 
and hydrophobicity, which is critical for the formation of Aβ 
plaques and downstream cellular pathways (33). Therefore, 
high levels of PUFAs n-3in the plasma membrane can affect 
the metabolism of β-amyloid peptide and reduce the risk of 
progression of AD.

Lower levers of DHA have been reported in serum samples of 
AD patient (34) and DHA consumption significantly reduced 
the likelihood of developing AD (35). In contrast, dietary 
PUFA n-3 depletion has been shown to activate caspases 
and decrease NMDA receptors in the brain of a transgenic 
mouse model of AD (36). In addition, DHA have been shown 
to suppress Aβ-induced phosphorylation of tau tangles and 
the inactivation of insulin receptors in primary rat neurons 
(37). Significant increases in stearic and behenic fatty acids 
were detected after fish oil dietary supplementation. That 
unexpected finding highlight the need to study the role of the 
enzymes involved in lipid metabolism.

In this work we found that fish oil intervention decreases 
lipid oxidation products and nitric oxide catabolites in 
human plasma. This has repercussions in reestablishing the 
membrane fluidity to its physiological ranges. It has been 
reported that oxidation of biomolecules in the context of AD 
is mainly related to neuronal membrane biomolecules and 
to a disruption of membrane integrity (38). At this regard, 
oxidative stress is involved in the oxidation of LRP1, a 
multifunctional protein that is involved in Aβ clearance (39).

The mechanisms involved in the beneficial effect of omega 
3 fatty acids have focused on: a) its anti-inflammatory 
actions which is based on the regulation of the nuclear factor 
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kB (40), peroxisome proliferator-activated receptors (41), 
G-protein coupled receptor GPR120 (42); b) the production 
of oxygenated metabolites of EPA and DHA that actively 
promote the resolution of inflammation, such as resolvins, 
protectins and maresins (43); c) its effect on modifying the 
biophysical properties of the membranes resulting in changes 
in the activity of ion channels, receptors and the interaction 
between phospholipids and proteins (44); d) its antioxidant 
effects by upregulating genes encoding antioxidant enzymes 
such as heme oxygenase 1 (HO-1) and glutathione peroxidase 
(45).

On the other hand, administration of PUFAs n-3 decreases 
the production of proinflammatory cytokines suchas IL-1, 
IL-6, Interleukin 8 (IL-8) and TNFα and oxidative stress (46), 
diminish the proliferation of T lymphocytes (47). Furthermore,  
EPA competes for the site of action of cyclooxygenases 1, 
and 2, and lipoxygenase 5 with arachidonic acid, the latter 
being responsible for favoring the synthesis of inflammatory 
cytokines and leukotrienes in conditions where oxidative 
stress prevails (48).

We found slight increases in aminotransferase activities 
in the fish oil group at the end of the intervention, but the 
aspartate aminotransferase to alanine aminotransferase ratio 
was not modified. In contrast, a recent report showed that 
the increase in the aforementioned ratio was significantly 
associated with specific biomarkers of AD such as increased 
amyloid-β deposition and higher cerebrospinal fluid levels of 
phosphorylated tau and total tau (49). Thus, the relationships 
between altered liver function and AD pathology warrants 
further study.

In conclusion dietary supplementation with PUFAs n-3 
diminishes the levels of peripheral oxidative stress markers 
and improves the fluidity of membranes. Thus, the presented 
data support future studies evaluating the safety, efficacy and 
long-term effects of PUFA n-3.

 

Acknowledgment  

CONACyT Support no 2004-1-233798

Disclosure of conflict of interest: None

References

1.	 Serrano-Pozo A, Frosch MP, Masliah E, Hyman BT. 
Neuropathological Alterations in Alzheimer Disease. 
Cold Spring Harb Perspect Med 2011; 1:a006189–
a006189. 

2.	 Tönnies, E., & Trushina, E. (2017). Oxidative stress, 
synaptic dysfunction, and Alzheimer’s disease. Jour-
nal of Alzheimer's Disease, 57(4): 1105–1121.

3.	 Kandimalla, R., & Reddy, P. H. (2017). Therapeutics 
of Neurotransmitters in Alzheimer's Disease. Journal 
of Alzheimer's disease: JAD, 57(4): 1049–1069. 

4.	 Lauwers E, Goodchild R, Verstreken P. Membrane 
Lipids in Presynaptic Function and Disease. Neuron 
2016;90(1):11–25. 

5.	 Gómez-Pinilla F. Brain foods: the effects of nutrients 
on brain function. Nat Rev Neurosci  2008;9(7):568–
78. 

6.	 Schaefer EJ, Bongard V, Beiser AS, Lamon-Fava 
S, Robins SJ, Au R, et al. Plasma Phosphatidyl-
choline Docosahexaenoic Acid Content and Risk 
of Dementia and Alzheimer Disease. Arch Neurol 
2006;63(11):1545. 

7.	 Gustaw-Rothenberg K. Dietary Patterns Associated 
with Alzheimer’s Disease: Population Based Study. 
Int J Environ Res Public Health 2009;6(4):1335–40. 

8.	 Féart C. Adherence to a Mediterranean Diet, Cog-
nitive Decline, and Risk of Dementia. JAMA 
2009;302(6):638. 

9.	 Barberger-Gateau P, Raffaitin C, Letenneur L, Berr 
C, Tzourio C, Dartigues JF, et al. Dietary patterns 
and risk of dementia: The Three-City cohort study. 
Neurology  2007;69(20):1921–30. 

10.	 Araya-Quintanilla F, Gutiérrez-Espinoza H, Sán-
chez-Montoya U, Muñoz-Yañez MJ, Baeza-Vergara 
A, Petersen-Yanjarí M, et al. Efectividad de la su-
plementación de ácidos grasos omega-3 en pacientes 
con enfermedad de Alzheimer: revisión sistemática 
con metaanálisis. Neurología . 2017; pii: S0213-
4853(17)30252-9.

11.	 Folstein MF, Folstein SE, McHugh PR. “Mini-men-
tal state”. A practical method for grading the cogniti-
ve state of patients for the clinician. J Psychiatr Res 
1975;12(3):189–98.

12.	 American Psychiatric Association. Diagnostic and 
Statistical Manual of Mental Disorders . American 
Psychiatric Association; 2013. 

13.	 McKhann G, Drachman D, Folstein M, Katzman R, 
Price D, Stadlan EM. Clinical diagnosis of Alzhei-
mer’s disease: report of the NINCDS-ADRDA Work 
Group under the auspices of Department of Health 
and Human Services Task Force on Alzheimer’s Di-
sease. Neurology 1984;34(7):939–44. 



132

Fish Oil Effect in Alzheimer

14.	 Reisberg B. Functional assessment staging (FAST). 
Psychopharmacol Bull 1987;24:653–659.

15.	 Folch J, lees M, Sloane Stanley GH. A simple method 
for the isolation and purification of total lipides from 
animal tissues. J Biol Chem 1957;226(1):497–509. 

16.	 Tserng KY, Kliegman RM, Miettinen EL, Kalhan SC. 
A rapid, simple, and sensitive procedure for the de-
termination of free fatty acids in plasma using glass 
capillary column gas-liquid chromatography. J Lipid 
Res 1981;22(5):852–8. 

17.	 Mondragón, Leonardo & Pastelín H., Gustavo & A. 
Tenorio L. F. Validación de un método analítico es-
pectrofotométrico para la cuantificación de metabo-
litos estables de óxido nítrico en fluidos biológicos. 
Rev Mex Ciencias Farm 2005;36:31–41. 

18.	 Griffith OW. Determination of glutathione and glu-
tathione disulfide using glutathione reductase and 
2-vinylpyridine. Anal Biochem 1980;106(1):207–12.

19.	 Ortiz GG, Pacheco-Moisés F, El Hafidi M, Jimé-
nez-Delgado A, Macías-Islas MA, Rosales Corral 
SA, et al. Detection of membrane fluidity in sub-
mitochondrial particles of platelets and erythrocyte 
membranes from Mexican patients with Alzheimer 
disease by intramolecular excimer formation of 1,3 
dipyrenylpropane. Dis Markers 2008;24(3):151–6. 

20.	 Ono K, Yamada M. Vitamin A and Alzheimer’s di-
sease. Geriatr Gerontol Int . 2012;12(2):180–8. 

21.	 Saharan S, Mandal PK. The Emerging Role of Glu-
tathione in Alzheimer’s Disease. J Alzheimer’s Dis  
2014;40(3):519–29. 

22.	 Rani, P., Krishnan, S., & Rani Cathrine, C. Study on 
Analysis of Peripheral Biomarkers for Alzheimer's 
Disease Diagnosis. Frontiers in neurology 2017;8: 
328. 

23.	 Fuhrman BJ, Barba M, Krogh V, Micheli A, Pala V, 
Lauria R, et al. Erythrocyte Membrane Phospholi-
pid Composition as a Biomarker of Dietary Fat. Ann 
Nutr Metab 2006;50(2):95–102. 

24.	 Schuchardt JP, Hahn A. Bioavailability of long-chain 
omega-3 fatty acids. Prostaglandins, Leukot Essent 
Fat Acids . 2013;89(1):1–8. 

25.	 Boschetti E, Di Nunzio M, Danesi F, Tugnoli V, Bor-
doni A. Influence of genotype on the modulation of 
gene and protein expression by n-3 LC-PUFA in rats. 
Genes Nutr 2013;8(6):589–600. 

26.	 Yang X, Sheng W, Sun GY, Lee JC-M. Effects of fa-
tty acid unsaturation numbers on membrane fluidity 
and α-secretase-dependent amyloid precursor protein 
processing. Neurochem Int 2011;58(3):321–9. 

27.	 Hashimoto M, Hossain S, Shido O. Docosahexaenoic 
acid but not eicosapentaenoic acid withstands dietary 
cholesterol-induced decreases in platelet membrane 
fluidity. Mol Cell Biochem  2006;293(1–2):1–8. 

28.	 Glabe C. Amyloid oligomer structures and toxicity. Open Biol J 
. 2009;2:222–7. 

29.	 Xiang N, Lyu Y, Zhu X, Narsimhan G. Investigation of the inte-
raction of amyloid β peptide (11-42) oligomers with a 1-palmi-
toyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) membrane 
using molecular dynamics simulation. Phys Chem Chem Phys  
2018;20(10):6817–29. 

30.	 Hooijmans CR, Rutters F, Dederen PJ, Gambarota G, Veltien 
A, van Groen T, et al. Changes in cerebral blood volume and 
amyloid pathology in aged Alzheimer APP/PS1 mice on a do-
cosahexaenoic acid (DHA) diet or cholesterol enriched Typical 
Western Diet (TWD). Neurobiol Dis  2007;28(1):16–29. 

31.	 Lim GP, Calon F, Morihara T, Yang F, Teter B, Ubeda O, et al. A 
diet enriched with the omega-3 fatty acid docosahexaenoic acid 
reduces amyloid burden in an aged Alzheimer mouse model. J 
Neurosci  2005;25(12):3032–40. 

32.	 Peters I, Igbavboa U, Schütt T, Haidari S, Hartig U, Rosello X, 
et al. The interaction of beta-amyloid protein with cellular mem-
branes stimulates its own production. Biochim Biophys Acta 
2009;1788(5):964–72. 

33.	 Kremer JJ, Pallitto MM, Sklansky DJ, Murphy RM. Correla-
tion of beta-amyloid aggregate size and hydrophobicity with 
decreased bilayer fluidity of model membranes. Biochemistry 
2000;39(33):10309–18. 

34.	 Tully AM, Roche HM, Doyle R, Fallon C, Bruce I, Lawlor B, 
et al. Low serum cholesteryl ester-docosahexaenoic acid le-
vels in Alzheimer’s disease: a case-control study. Br J Nutr 
2003;89(4):483–9.

35.	 Schaefer EJ, Bongard V, Beiser AS, Lamon-Fava S, Robins SJ, 
Au R, et al. Plasma phosphatidylcholine docosahexaenoic acid 
content and risk of dementia and Alzheimer disease: the Framin-
gham Heart Study. Arch Neurol 2006;63(11):1545–50. 

36.	 Calon F, Lim GP, Morihara T, Yang F, Ubeda O, Salem N, et 
al. Dietary n-3 polyunsaturated fatty acid depletion activa-
tes caspases and decreases NMDA receptors in the brain of a 
transgenic mouse model of Alzheimer’s disease. Eur J Neurosci  
2005;22(3):617–26. 

37.	 Ma Q-L, Yang F, Rosario ER, Ubeda OJ, Beech W, Gant DJ, et 
al. Beta-amyloid oligomers induce phosphorylation of tau and 
inactivation of insulin receptor substrate via c-Jun N-terminal 
kinase signaling: suppression by omega-3 fatty acids and curcu-
min. J Neurosci . 2009;29(28):9078–89. 

38.	 Cheignon C, Tomas M, Bonnefont-Rousselot D, Faller P, Hu-
reau C, Collin F. Oxidative stress and the amyloid beta peptide 
in Alzheimer’s disease. Redox Biol 2018;14:450–64. 

39.	 Owen JB, Sultana R, Aluise CD, Erickson MA, Price TO, Bu 
G, et al. Oxidative modification to LDL receptor-related protein 
1 in hippocampus from subjects with Alzheimer disease: impli-
cations for Aβ accumulation in AD brain. Free Radic Biol Med 
2010;49(11):1798–803. 

40.	 Zúñiga J, Cancino M, Medina F, Varela P, Vargas R, Tapia G, et 
al. N-3 PUFA supplementation triggers PPAR-α activation and 
PPAR-α/NF-κB interaction: anti-inflammatory implications in 
liver ischemia-reperfusion injury. PLoS One 2011;6(12):e28502. 



133

L Sánchez-Romero et al.

41.	 Oh DY, Talukdar S, Bae EJ, Imamura T, Morinaga H, Fan W, 
et al. GPR120 is an omega-3 fatty acid receptor mediating po-
tent anti-inflammatory and insulin-sensitizing effects. Cell . 
2010;142(5):687–98. 

42.	 Moro K, Nagahashi M, Ramanathan R, Takabe K, Wakai T. Re-
solvins and omega three polyunsaturated fatty acids: Clinical 
implications in inflammatory diseases and cancer. World J Clin 
cases . 2016 Jul 16;4(7):155–64. 

43.	 Cordero-Morales JF, Vásquez V. How lipids contribute to ion 
channel function, a fat perspective on direct and indirect interac-
tions. Curr Opin Struct Biol . 2018;51:92–8. 

44.	 Choi G, Hwang SW. Modulation of the Activities of Neuronal 
Ion Channels by Fatty Acid-Derived Pro-Resolvents. Front Phy-
siol 2016;7:523. 

45.	 Meital LT, Windsor MT, PerissiouM, et al. Omega-3 fatty acids 
decrease oxidative stress and inflammation in macrophages 
from patients with small abdominal aortic aneurysm. Sci Rep 
2019;9:12978.

46.	 Serhan CN, Chiang N, Dalli J, Levy BD. Lipid mediators in 
the resolution of inflammation. Cold Spring Harb Perspect Biol 
2014;7(2):a016311. 

47.	 Kim W, Khan NA, McMurray DN, Prior IA, Wang N, Chapkin 
RS. Regulatory activity of polyunsaturated fatty acids in T-cell 
signaling. Prog Lipid Res 2010;49(3):250–61. 

48.	 Bagga D, Wang L, Farias-Eisner R, Glaspy JA, Re-
ddy ST. Differential effects of prostaglandin derived 
from omega-6 and omega-3 polyunsaturated fatty 
acids on COX-2 expression and IL-6 secretion. Proc 
Natl Acad Sci U S A 2003;100(4):1751–6.

49.	 Nho K, Kueider-Paisley A, Ahmad S, Mahmou-
dianDehkordi S, Arnold M, Risacher SL, et al. Al-
zheimer’s Disease Neuroimaging Initiative and the 
Alzheimer Disease Metabolomics Consortium. As-
sociation of Altered Liver Enzymes With Alzheimer 
Disease Diagnosis, Cognition, Neuroimaging Mea-
sures, and Cerebrospinal Fluid Biomarkers. JAMA 
Netw Open. 2019 Jul 3;2(7):e197978.

Recibido: 28/05/2020        
Aceptado: 17/08/2020


