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SUMMARY

Background: Malondialdehyde (MDA ) is adialdehyde
substance thatis the final product of lipids peroxidation
in the human body, and it can be used as a biomarker
of oxidative stress. One of the most potent antioxidants
known nowadays is astaxanthin. This study aims to
investigate the effect of astaxanthin on the MDA level
in cerebral cortex tissue of Rattus norvegicus, which
was given oral formaldehyde.

Methods: This study used 25 Wistar rat model (Rattus
norvegicus) whichwere dividedinto five groups: negative
control, normal control groups, astaxanthin 12 mg/
day, 24 mg/day, and 48 mg/day groups.

Results: The mean tissue MDA levels in normal
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control group was 11.10 = 5.11 nmol/mL, negative
control group was 9.74 +5.19 nmol/mL, astaxanthin
12 mg/day group was 10.71 +4.92 nmol/mL, 24 mg/
day group was 13.14 + 3 .34 nmol/mL, and 48 mg/day
groups was 6.10 = 1.83 nmol/mL. Compared with the
normal control group and negative control group, there
was no significant difference (p>0.05), respectively,
with the treatment-3 group of astaxanthin.
Conclusion: There were not effective doses of
astaxanthin (12 mg/day, 24 mg/day, and 48 mg/day)
in this study that significantly reduced MDA levels in
cerebral cortex tissue, in oral formaldehyde induced
male Rattus norvegicus.

Keywords: Antioxidant, astaxanthin, cerebral cortex,
Sformaldehyde, malondialdehyde, oxidative stress.
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RESUMEN

Antecedentes: El malondialdehido (MDA) es una
sustancia dialdehido que es el producto final de la
peroxidacion de los lipidos en el cuerpo humano 'y se
puede utilizar como biomarcador de estrés oxidativo.
Uno de los antioxidantes mds potentes que se conocen
hoy en dia es la astaxantina. Este estudio tiene como
objetivoinvestigar el efecto de la astaxantina en el nivel
de MDA en el tejido de la corteza cerebral de Rattus
norvegicus, al que se le administro formaldehido oral.
Métodos: Este estudio utilizo 25 modelos de ratas
Wistar (Rattus norvegicus) que se dividieron en cinco
grupos: control negativo, grupos de control normal,
grupos de astaxantina 12 mg/dia, 24 mg / dia y 48
mg / dia.

Resultados: Los niveles medios de MDA en tejido en
el grupo de control normal fue de 11,10 + 5,11 nmol/
mL, el grupo de control negativo fue de 9,74 + 5,19
nmol / mL, el grupo de astaxantina 12 mg / dia fue
de 10,71 + 4,92 nmol / mL, el grupo de 24 mg / dia
fue 13,14 + 3,34 nmol / mL, y los grupos de 48 mg /
dia fueron 6,10 + 1,83 nmol / mL. En comparacion
con el grupo de control normal y el grupo de control
negativo, hubo una diferenciainsignificante (p> 0.05),
respectivamente, con el grupo de tratamiento-3 de
astaxantina.

Conclusion: No hubo dosis efectivas de astaxantina
(12mg/dia, 24 mg / diay 48 mg / dia) en este estudio
que redujeran significativamente los niveles de MDA
eneltejido de la corteza cerebral, en Rattus norvegicus
macho inducido por formaldehido oral.

Palabras clave: Antioxidante, astaxantina, corteza
cerebral, formaldehido, malondialdehido, estrés
oxidativo.

INTRODUCTION

The cerebral cortex is the neural tissue in
cerebral hemispheres containing mostly grey
matter. Memory, attention, perceptual awareness,
mental language, and consciousness are all
facilitated by the cerebral cortex. The cerebral
cortex of adult mammals comprises six layers
with nerve cell bodies, dendritic arborizations,
and synaptic interconnections (1). Inhumans,the
cerebral cortex consists of approximately 80 % of
the whole brain mass. Itis estimated that there are
10 to 16 billion neurons in the cortex of the adult
human brain with an estimated average mass of 1
233 g,and the number of neurons above is only an
estimate, meaning that the number can be less or
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more (2). The cerebral cortex has a variety of roles
in maintaining the essential functions of life. This
does not make the cerebral cortex invulnerable
to various metabolic, toxic, microbial, and
circulatory disorders. Various diseases related
to damage or disorders in the cerebral cortex are
among the highest in Indonesia (3). Indonesia
is the fourth most populous country in the world,
located in Southeast Asia, with a total population
of ~260 million in 2017, which is composed of
various ethnic groups (4). Based on data from
the Indonesian Hospital Association in 2009,
diseases related to damage of the cerebral cortex
area cause up to 65 % of disabilities (3).

Formaldehyde is a molecule that degrades
rapidly in the environment and the human body
has been related to neurodegenerative disease.
Neurodegenerative disease is a disorder of the
nervous system which may result in neuron
degeneration or atrophy (5-7). Cerebral cortex
tissue damage caused by free radicals can derive
from formaldehyde metabolism (8,9). A free
radical is an atom with an unpaired electron
that becomes unstable and reactive as a result.
Free radicals could harm the body’s critical
macromolecules resulting in cell damage and
disruption of homeostasis (10). Based on a
study (11), formaldehyde exposure can cause
oxidative stress by increasing the production of
Reactive Oxygen Species (ROS) compounds
in the body (11). Oxidative stress can lead to
degenerative diseases. According to the World
Health Organization (WHO), approximately 17
million people die each year from degenerative
disease (10). This oxidative damage often
causes severe problems in susceptible neurons
such as the frontal cortex, entorhinal cortex,
and the substantia nigra in general, which
are the most significant constituents of the
cerebral cortex, causing cell damage, death, and
leading to neurodegenerative processes, such as
Alzheimer’s disease, Parkinson’s disease, and
lateral amyotrophic sclerosis (12).

Malondialdehyde (MDA) is a dialdehyde
molecule that is formed by free radicals during
ionization events in the body (13). The quantity
of malondialdehyde (MDA) in the blood may
indicate oxidative stress levels in the organism.
MDA levels in the blood increase in correlation
with the body’s oxidative stress (14).

S437



ASTAXANTHIN EFFECT ON MDA LEVEL

Antioxidants are necessary chemicals
compound for the body to neutralize free radicals
and prevent free radicals’ damage. Antioxidants
stabilize free radicals by compensating for the
electron deficiency of free radicals and preventing
chainevents caused by free radical generation that
might result in oxidative stress (15). The human
body is producing endogenous antioxidants,
such as superoxide dismutase (SOD). The huge
amount of ROS produced by body cells creates
an imbalance condition. This imbalance could
reduce the level of endogenous antioxidants. So,it
is important to increase the number of exogenous
antioxidants to avoid the harmful effects of free
radicals (16). One of the antioxidants that are
known to have a reasonably strong effect is
astaxanthin (17,18). Astaxanthin, produced from
Haematococcus pluvalis, is the most powerful
and safest carotenoid without pro-oxidant
effects, comparable to beta-carotene, lycopene,
zeaxanthin, and lutein. It has three critical triple
properties: antioxidant, anti-inflammatory, and
immunomodulator. Astaxanthin reduces the
production of inflammatory genes by inhibiting
NF-kB activation and protects cells from
oxidative damage, therefore astaxanthin also has
anti neurodegenerative properties (19). A study
conducted by Tso and Lam (1996) showed that
compared to beta-carotene, astaxanthin was easier
to cross the blood-brain barrier so that it can
function as a good antioxidant for the brain (20).

The objective of this study was to examine
the effect of astaxanthin on the MDA level
in the cerebral cortex tissue of Wistar strain
Rattus norvegicus that had been exposed to oral
formaldehyde and to identify the optimal dose of
astaxanthin as an antioxidant based on the MDA
level in the damaged cerebral cortex tissue.

METHODS

Materials to be used in this research are stored
biological materials, astaxanthin, formaldehyde
37 %, distilled water, standard food, wood
powder, phosphate-buffered saline (PBS) 0.1 M
Ph 7 .4, thiobarbituric acid (TBA) 0.67 %, tetra
ethoxy propane (TEP), and trichloroacetic acid
(TCA) 20 %. The tools used in this research
were rat cage, oral syringe, gastric syringe,
spectrophotometer, centrifuge, analytical scale,
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animal scale, TissueLyser II (QIAGEN), blender,
micropipette, 1 000 mL measuring cup, 100 mL
measuring cup, 10 mL measuring flask, shaker,
test tube, handscoon, microtube, vortex, UV-
sterile, hot plate, iron stirrer, and PH-meter.

The sample was taken by simple random
sampling technique,sampling is done by selecting
available members of the population, randomly.
In this study, the sample was obtained from Rattus
norvegicus Wistar strains with several criteria:
three months old, 200-gram rat body weight, and
good general health. The sample size was 25
white rats, which were divided into five groups
randomly.

Then tested animals were divided into five
groups,with fiverats in each group. The negative
control group was given formaldehyde 0.01 mL;
the normal control group was givendistilled water
and standard diet; treatment-1, treatment-2, and
treatment-3 groups were given astaxanthin 12
mg/day,24 mg/day,and 48 mg/day, respectively,
for 14 days after being given formaldehyde for
14 days.

Measurement of MDA levels was carried out
by measuring the absorbance of each experimental
group. The measurement method used was the
TBA method. TBA has a high sensitivity value
to free radicals. TBA will react with carboxylate
groups from MDA through the addition of
nucleophilic to form a TBA-MDA complex in
an acidic atmosphere and form a pink color so
that it can be quantified by spectrophotometry.
The results of the data obtained were processed
with IBM SPSS Statistics v22.0 for Windows.
The data were tested using the One-Way ANOVA
hypothesis testfollowed by the Post Hoc LSD test.

RESULTS

Standard curve determination was carried
out before measuring the MDA level of the
sample tissue. From the determination of this
standard curve, the sample wavelength and
the standard curve equation will be obtained
and be used to calculate the MDA level of the
sample. The standard curve used is TEP. TEP,
when reacted with TBA, will form MDA and
methanol as byproducts. Measurements were
made at six standard TEP concentration points
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with aconcentration of 0.15625 nmol/mL,0.3125
nmol/mL, 0.625 nmol/mL, 1.25 nmol/mL, 2.5
nmol/mL, and 5 nmol/mL. The standard curve
equation obtained is:

Y=0.058 X+0.010

With a = 0.058

b=0.010

Relation coefficient (r) = 0.999

From this formula, the linear regression curve
between the MDA standard solutions on the
absorbance can be seen in Figure 1.

0,35
03 - Y =0,058x+0,0103
0,25 4
0,2 1
0,15 1
0,1 4
0,05 1

Absorbance

Standard Concentration (amol/'mL)

Figure 1. Linear regression curve of the MDA standard.

All absorbance obtained in the treatment group
was calculated using the formula for MDA levels,
comparing the absorbance with a standard curve,
using the standard curve equation as follows:

MDA level = df x (x / sample volume)
With df = diluting factor

The mean tissue MDA levels are shown in
Table 1. The MDA levels of the cerebral cortex
were statistically analyzed using the One-Way
ANOVA test and the Post Hoc test. MDA levels
from the five groups were analyzed using the
One-Way ANOVA test. The differences in MDA
levels between each group were analyzed using
the Post Hoc test.
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Table 1

Comparison of MDA Level between Groups

Tested Groups Mean + SD
MDA Levels (nmol/mL)
Normal control group 11.10+5.11
Negative control group (K-) 9.74 £5.19
Treatment-1 group (K1) 10.71 £4.92
Treatment-2 group (K2) 13.14 £3.34
Treatment-3 group (K3) 6.10 = 1.83

Note.K1=astaxanthin dosage of 12 mg/day, K2=astaxanthin
dosage of 24 mg/day, K3=astaxanthin dosage of 48 mg/day.

A comparison diagram of MDA levels in the
cerebral cortex tissue of each treatment group
can be seen in Figure 2.

30
T o254
§ 204
$ 15 4
HINEE Y
S 4
- 0+ T Y Y T .
KO K- K1 K2 K3
Tested Groups

Figure 2. Mean MDA levels in cerebral cortex tissue.

DISCUSSION

The Post Hoc testresults showed the results of
the comparative analysis of MDA levels between
each treatment group. Measurement of MDA
levels in the normal group is used compared
to the treatment groups. Normal group had
insignificant different levels of MDA, compared
tothe negative group. The negative control group
was the only group that given oral formaldehyde
exposure without given astaxanthin. MDA

S439



ASTAXANTHIN EFFECT ON MDA LEVEL

levels in the normal group were higher than
in the negative control group, this difference
was not significant in statistical tests. This is
because the formaldehyde levels that reach the
cerebral cortex are less than the initial exposure
dose of 0.01 mL/day, thus showing the result
was found. Formaldehyde can combine with
cellular constituents easily in all exposed tissues
throughout its route. This process occurs mainly
in the liver and to a lesser extent in erythrocytes,
kidneys, muscles, and the brain. This is also
supported by the evidence that the half-life of
formaldehyde so that it is converted to formic
acid is very fast, which is about 1.5 minutes (21).

The following comparison is between the
normal group and the treatment groups. The
treatment groups were given oral formaldehyde
and astaxanthin exposure. There were three
different doses used, that was 12 mg/day (K1),
24 mg/day (K2),and 48 mg/day (K3). Although
the 12 mg/day and 48 mg/day dose groups had
different levels of MDA compared to normal
control group, this cannot yet be said to be an effect
of astaxanthin in that group. These conclusions
were drawn for two reasons. The first is that the
statistical test showed that the difference was not
significant, and the second is that MDA levels in
the negative control group were also relatively
insignificant lower than the normal control
group. This is because the astaxanthin doses of
12 mg/day and 24 mg/day have not significantly
inhibited lipid peroxidation in the cerebral cortex
tissue after exposure to formaldehyde in these two
groups. The third treatment group was analyzed,
only the 48 mg/day dose group had lower MDA
levels than the negative control group, although
the Post Hoc test showed that this difference was
not significant.

Among the numerous natural carotenoids,
astaxanthin is regarded as one of the most
effective at protecting membrane cells, lipids,
and lipoproteins from oxidative damage (22).
The polyene chain in the chemical structure
of astaxanthin can trap free radicals in the cell
membrane while the terminal ring tames free
radicals on the inner and outer sides of the
cell membrane, promote the preservation of
cell membrane structure thus inhibiting lipid
peroxidation, which leads to increased MDA
level (23).
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The analysis of MDA levels obtained from
the three doses of astaxanthin showed that the
most effective dose was 48 mg/day if compared
with the two other doses. The dose of 48 mg/
day reduced MDA levels so that it was not
significantly different from the negative control
group and the normal control group.

CONCLUSION

These results indicate no effective dose
of 12 mg, 24 mg, and 48 mg of astaxanthin
which significantly reduced the MDA levels
of the cerebral cortex tissue in the male Rattus
norvegicus Wistar strain that was induced by
formaldehyde orally. Future studies are needed
to assess the therapeutic effect of astaxanthin by
looking at the histopathological features of the
cerebral cortex.
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