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Abstract

Background and Objective: Malondialdehyde (MDA) may increase influenced by free radicals due to lipid oxidation. Tomato induction
considers able to prevent free radical damage and atherosclerosis. Therefore, this study aims to understand the effect of steamed-tomato
extracts on MDA and its potential as an early diagnosis of atherosclerosis. Materials and Methods: A total of 24 healthy 12 weeks-old
male-rats were divided into four treatment groups, equally. A normal control group (K;) was rats with placebo treatment. A negative
control group (K,) was the rats supplemented with 2 mL kg~ b.wt. per day of cholesterol until cholesterol. A K; group was atherosclerosis
rats given with 20 mg kg~ b.wt. per day of atorvastatin and a K, was atherosclerotic rats supplemented with 16 mg kg~ b.wt. per day
of tomato extract. All treatments were carried out for 60 consecutive days. Results: Tomato extract in the K, group was succeeded in
lowering MDA production. Carotenoid compounds in tomato extract are well known to be prevention agents against lipid oxidation and
inhibit free radicals. MDA levels have increased significantly in atherosclerosis conditions, making it potentially noticeable during early
atherosclerotic, therefore, potentially developed as biomarkers. Conclusion: MDA levels increase significantly and simultaneously after
high cholesterol diets and in line with lipid parameters and damaged blood vessels. The steamed-tomato extract can reduce MDA, lipids
levels and protect endothelial from lipid oxidation. More research should be conducted to breakdown the MDA function in the molecular
pathway, including MDA correlation to microRNA expression and cell signaling.
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INTRODUCTION

Atherosclerosis isa manifestation of lipid accumulationin
blood vessels and oxidation by free radicals'2. The majority of
atherosclerosis patients cannot early diagnose because of
no specific symptoms. Research is needed to find specific
biomarkers in the early diagnosis of atherosclerosis®. The
presence of chemical signaling compounds in oxidative stress
may be useful as a biomarker on early detection of the disease
development?. Malondialdehyde (MDA) is a biological marker
produced mainly in high free-radical conditions and depicted
an early cellular metabolic abnormality and disease
development>®,

Tomato extract is investigated and proved to reduce
total cholesterol levels’3, triglycerides, LDL-cholesterol and
increases HDL-cholesterol levels®. The carotenoids in tomatoes
are actively involved in activating the Retinoid A Receptor
(RAR) and Retinoid X Receptor (RXR) of nuclear receptors, in
decreasing inflammation'®. The content of carotenoids such as
B-carotene and lycopene, vitamins, including ascorbic acid
and a-tocopherol, can block free radicals in triggering
metabolicinflammation''2.In previous research, the power of
tomato’s nutrition and antioxidant activity can be increased
and strengthen by steam-processing?®.

Based on the description above, this study aims to
determine the effect of the steamed-tomato extract on MDA
concentrations and to evaluate the potential of MDA as a
biomarker for early diagnosis of atherosclerosis. Identification
of MDA and its correlation to cholesterol is an innovative,
effective and efficient alternative to developing non-invasive
biomarkers for early diagnosis of atherosclerosis.

MATERIALS AND METHODS

Study area: The research was conducted at the Biochemistry
Laboratory of the Department of Biology, the Universitas
Negeri Semarang, Indonesia and the Laboratory of Molecular
Biology, Faculty of Medicine, Universitas Gadjah Mada,
Indonesia. This research project was conducted from 5th
March-30th August, 2020. Licensing for the use of
experimental animals or Animal Care from the Ethics
Commission, Faculty of Medicine, Public Health and Nursing,
Gadjah Mada University, Indonesia registered number: KE/ FK/
1003/ EC/ 2019.

Methodology: A total of 24 healthy 12-weeks-old male-rats
with homogeneous body weight were divided into four
treatment groups, with each group consisting of six rats. Each
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group was placed ina 2 X 1 meter cage fed with standard feed
594 pellets (PT Japfa Confeed Indonesia) ad libitum. The first
group was normal to control (K;), which were normal rats
treated with a placebo. The second group or negative control
(K,) was rats supplemented with 2 mL of cholesterol every day
until atherosclerosis. The third group or positive control
group (K;), was contained atherosclerotic rats, which were
given 20 mg kg~' b.wt. of atorvastatin. The fourth group (K,)
of atherosclerotic rats supplemented tomato extract at a
dose of 16 mg kg~" b.wt. All treatments were carried out for
60 consecutive days. This study used a posttest randomized
controlled group design model

Tomato extraction: Tomato extract was obtained from 50 kg
of thinly cut tomatoes, then steamed for 30 min at a
temperature of 120°C?%, then dried in the oven at 40-50°C for
three days. After dried, the tomato was ground into a coarse
powder and sieved using a sieve No. 100. The obtained fine
powder was weighed as much as 50 g. Furthermore, the
soxhlation process was carried out with petroleum ether as a
solvent. The waste was dissolved with 500 mL of methanol as
a solvent. Soxhletation was stopped until a clear filtered
solution was obtained. The extract was mixed in a beaker
glass. The obtained extract was then divided into Petri dishes
and oven at 40-50°C to form a paste. The tomato extract was
suspended in water for conditioning in mice'™. Tomato
lycopene extract was given once a day for 60 consecutive
days.

Blood extraction and serum production: Blood collection
was carried out every week through the retro-orbital plexus
(corner of the eye) using a microhematocrit. The blood that
comes out was collected in a 3 mL | tube-contained EDTA to
obtain plasma. Blood plasma obtained from mice was
measured total lipid consisting of High-Density Lipoprotein-
Cholesterol (HDL-C), Low-Density Lipoprotein-Cholesterol
(LDL-Q), Triglyceride (TG) and free cholesterol, using the
Diagnosis System (DiaSys) GmbH for metabolic syndrome
marker with spectrophotometric
techniques (according to the manufacturer's instructions/
methods of action for each product). Each of 10-100 pL of
serum was used in each test. The testing was carried out

(Holzheim, German),

under the way it works and the manufacturer's protocol.
Meanwhile, MDA was tested through plasma condensation
and thiobarbituric acid and confirmed with 1-Methyl-2-
phenylindole (as a more selective alternative reagent) and
observed using spectrophotometry'.
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Statistical analysis: The normality test for MDA and total lipid
parameters was done by using the Shapiro-Wilk test. Then
analyzed using One-way ANOVA with a confidence level of
95% and followed by LSD, with a confidence level of 95%. The
analysis was performed using Statistical Product and Service
Solution (SPSS) 24 for Windows data processing and
presentation facilities.

RESULTS

The analysis showed that giving a high-cholesterol diet
significantly increases total lipid levels in blood plasma
(Table 1). The highest lipid levels have resulted in K, rats,
including triglycerides up to 17135%£3.41 mg dL7,
21478+6.00 mg dL' of total cholesterol and
84.38+1.99 mg dL™" of LDL-C. Simultaneously, the lowest
was in K, there were 92.72+1.99 mg dL™" of triglycerides,
108.92+272 mg dL™" for total cholesterol and
39.56+1.56 mg dL~' for LDL-C. The tomato extract
administration (K,) was able to reduce the total lipid, including
107.43%£4.24 mg dL for triglyceride, 121.61£1.94 mg dL™'
for total cholesterol and 43.501+2.29 mg dL~" for LDL-C levels
significantly below K, and K;. Besides, the high cholesterol diet

Table 1: Lipid parameters in each group after 60 days of treatment

induction increased the risk of developing atherosclerosis, as
indicated by the atherogenic index value up to 0.79£0.04 or
above 0.50.

Apart from total lipid levels, MDA levels also increased
significantly from the 1st week of cholesterol induction to
the last week of the study. Nonetheless, a decrease in MDA
levels occurred in the K, group at week four (Fig. 1a). A
significant increase of MDA levels happened since the
5th week, which was 3.2520.11 mmol mL~" and increased
sharply at the 7th week, reached 6.45£0.14 mmol mL~". The
average MDA on K, increased by 52.43% every week until it
reached a final concentration of 9.09£0.34 mmol mL™!
(Fig. 1b). The MDA level increases also occurred in all three
groups, although at the 5th week, the MDA levelsin K;, K; and
K, were not as high as K,, which was 2.16%+0.32 mmol mL™'
in K;, 1.83%20.10 mmol mL~" in K, and K; which was
1.30£0.13 mmol mL~". Asignificant decrease in the MDA level
was observed in K, after seven weeks of treatment, which
showed 2.89£0.17 mmol mL™". It then continued to decrease
at the 8th and 9th weeks, there were 2.37%x0.17 and
2.141+0.27 mmol mL™, respectively. This was significantly
different from K, whichincreased from 2.65+0.28 mmol mL™"
in the 7th week and up to 3.51£0.30 mmol mL~" and

Parameter (mg DI") K, K, Ky K, p-value
Triglyceride 92.72+£1.99° 171.35%£341° 120.00£2.45¢ 107.43+4.24 0.000
Total cholesterols 108.92£2.72° 214.78£6.00° 123.86£2.66° 121.61£1.94¢ 0.000
LDL-C 39.56+1.56° 84.38+1.99° 46.72£2.07¢ 43.50%2.29¢ 0.000
HDL-C 69.82+1.64° 27.85+1.82° 61.7£2.55¢ 63.18+2.63¢ 0.000
VLDL-C 42.15%0.91° 77.88£1.55° 54.55+1.12¢ 48.83+1.93¢ 0.000
Atherogenic index 0.12£0.01° 0.791+0.04° 0.29£0.02¢ 0.23%0.02¢ 0.000
Al risk criteria Moderate High Moderate Moderate

LDL-C/HDL-C 0.57£0.02° 3.03%0.16° 0.76£0.02¢ 0.69+0.05¢ 0.000

Different letters of the alphabet (*) show significant differences between treatment groups (p-value <0.05). An atherogenicindex (Al) [Log (triglyceride /HDL-C)] value
between-0.3-0.10indicates alow cardiovascularrisk, 0.10-0.24 indicates moderate risk and above 0.24 indicates high risk.'>'°LDL-C: Low-density lipoprotein-cholesterol,
VLDL-C: Very low-density lipoprotein-cholesterol, HDL-C: High-density lipoprotein-cholesterol
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Fig. 1(a-b): Mean value of MDA levels every week (A) and the average MDA levels in the last week (B)
Different letters of the alphabet (a-d) showed significant differences between treatment groups (p<0.05)
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Fig. 2 (a-d): Cross-section of the aorta of rats after 60 days of high cholesterol diet treatment in group, (a) K, (b) K,, (c) K; and K,
Intima damage in the form of fragmentation and deformation (B: dark ellipse); fatty smooth muscle cells (C: black arrowhead); and lesions (B: yellow
arrows). Tm: Tunica media, Ta: Tunica adventitia, Le: Lamina elastica, Er: Erythrocytes, Lu: Lumens. Hematoxylin-Eosin (HE) staining, magnification and

400x microscope observation, 200 um bar scale

3.5520.26 mmol mL™! in the 8th and 9th weeks. The
reduction in MDA levels in the K, group in the last week
decreased so that it was not significantly different from K,
(Fig. 1b).

Cross-section of the aortic wall from the K;-K, groups,
showing the aortic wall condition after 60 days of treatment
(Fig. 2a-d). In the cross-section, it can be identified the tunica
media and tunica adventitia, except on K,. In the K;, K; and K,
groups, the tunica media has a solid layer of lamina elastica
and does not experience fragmentation. Besides that, the dark
smooth muscle cell nucleus between the layers of the lamina
elastica is observed.

Intima damage was observed in the K, group of mice,
characterized by total deformation of the tunica and elastic
lamina (Fig. 2b). The damage is shown by the occurrence of
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fragmentation so that the lamina looks broken or not visible
and the smooth muscle cells can no longer. Whereas in the
K; group, smooth muscle fat was observed in several parts,
which wereindicated by white spots (Fig. 2c). The shape of the
blood vessel walls that are compact or solid and do not show
any damage was observed in the rats’ blood vessel walls of K
and K, groups (Fig. 2a-d). This suggests that the tomato
extract may minimize the occurrence of fat on the walls of
blood vessels.

DISCUSSION

MDA levels in atherosclerotic rats rise with increasing
intensity of cholesterol induction (consumption). The rise in
MDA levels in atherosclerotic rats was in line with increased
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lipid parameters, including triglycerides, LDL-C and VLDL-C
and decreased HDL levels. Also, in the atherosclerotic rats,
lesion formation orendothelial damage was found in line with
elevated blood MDA levels and high lipid parameters. The
findings in this study indicate that MDA has the potential to
identify or may a treatment target of atherosclerosis. These
findings were not found in rats with a high cholesterol diet but
also supplemented with 16 mg kg~ b.wt. of steamed tomato
extract. Administration of tomato extract showed inhibition of
MDA productivity, total lipid parameters and prevented
endothelial lesions

Increased synthesis of unsaturated fatty acids occurs due
to the high input of cholesterol, which is degraded into acetic
Ko-A and rearranged for storage as long-chain fatty acids
(LCFA)Y. This mechanism was evident in the K, group, where
therats had increased levels of total blood lipids and fatin the
blood vessel area. The high level of LCFA causes an increase in
lipid oxidation, which increases the level of MDA. The MDA
produces from the oxidation of unsaturated fatty acids,
including arachidonicacid (C20:4), a-linolenicacid (C18:3) and
linoleic acid (C18:2) as a byproduct of enzymatic processes. It
is happened during the biosynthesis of thromboxane A2
(TXA2) and 12-1- hydroxy-5,8,10-heptadecatrienoic acid (HHT)
or through a nonenzymatic process by cyclic endoperoxides
produced during lipid peroxidation'®. This compound is a
reactive aldehyde group and is a reactive electrophile
species that cause oxidative stress in cells. The rate of lipid
peroxidation can be estimated by the amount of
malondialdehyde in the tissue'®.

High cholesterol consumption triggers LCFA biosynthesis
while increasing the production of Radical Oxygen Species
(ROS). Besides, cholesterol buildup causes atherosclerosis,
which triggers endothelial inflammation'. As an aldehyde
product, MDA can be used as a biomarker to measure the
level of oxidative stress that occurs during the formation of
atherosclerosis. Thisis evident in this study's results, where the
increase in MDA levels is in line with the formation of
atherosclerotic plaques on the walls of blood vessels and an
increase in lipid levels.

This study also found that all parameters are not a
significantincrease in the group given tomato extract.In other
words, giving tomato extracts can reduce MDA production.
Three mechanisms are likely to contribute to the suppression
of MDA production. The first mechanism involves the
inhibition of tomato’s bioactive compounds, thereby reducing
the production of endogenous cholesterol and using
exogenous cholesterol to meet the body's physiological
needs, so that body tissues do not accumulate cholesterol
and fat’. This mechanism resembles the action of the drug

323

atorvastatin, where the statins' chemical structure has a shape
thatresembles cholesterol and is a competitive inhibitor of the
HMG-a reductase enzyme so that mevalonic acid is not
formed from HMG-a™.

The second mechanism is that tomato extract acts as a
regulatory gene. Tomatoes contain bioactive compounds,
especially carotenoids, especially B-carotene and lycopene,
undergo a metabolic process, especially in adipose cells?.
Carotenoids are found in abundance in cells and adipose
tissue invarious forms but undergo conversion to retinoic acid
asthemain active form . Molecular mechanisms mediate the
effects of carotenoids on gene expression related to lipid
biological processes in adipocytes.

Types of carotenoids from the carotene and provitamin A
groups are used to synthesize retinoic acid, which has special
receptors, namely Retinoid Acid Receptors (RARs) and Retinoid
X Receptors (RXR) which are in the nucleoplasm membrane of
all body cells. At least currently, three subtypes of RAR-RXR
have been found, which include RARa, RARB, RARy and RXRo,
RXRB, RXRy)'%""2! The bond between the RA and the RAR or
RXR complex will then bind the DNA sequence to the Retinoic
Acid Response Element (RARE) or Retinoic X Response
Element (RXRE) located in the promoter region of the retinoid
target gene, either as a RAR-RXR or RXR-RXR dimmer. The
carotenoids regulate gene expression in various cells through
cell communication signaling pathways or via transcription
factors involved in detoxification such as Aryl hydrocarbon
Receptors (AhR), nuclear factor erythroid-2 linked factor 2
(NRF2) or PXR 2223, As an implication, the biological function of
RA is supported by lycopenoic acid (an active compound
derived from lycopene), which affects the liver through the
Liver X Receptor (LXR), which increases HDL receptor synthesis
and suppression of the synthesis of Apolipoprotein B (ApoB)
and LDL?. The decrease in LDL synthesis results in a decrease
in cholesterol distribution throughout the body, including the
blood vessel network?,

In addition to regulating gene expression, the third
mechanism is the bioactive content of tomatoes, especially
carotenoids, which act as antioxidants that block ROS and at
the same time act as immunomodulators for the body?.
Carotenoid groups such as B-carotene bind various types of
ROS, including singlet oxygen ('0,), superoxide anion radicals
(0,7), hydroxy radicals (OH"), peroxyl radicals (RCOO") and
nitric oxide (NO)?28, The antioxidant activity of B-carotene and
lycopene is influenced by the chemical structure in which the
high amount of conjugated diene (covalent double bonds)
will increase the scavenging activity of ROS, effectively.

Furthermore, ROS-type scavenger's effectiveness depends
on the magnitude of the carotenoid Triplet Energy Transfer
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(TET) to the ROS's electron binding, a function of the
conjugated double bond system (C=C)*3°. Lycopene is a
carotenoid with an acyclic (free end) chain end model,
which allows the reaction to occur by optimizing the TET of
11 conjugated double bonds to form polyenes. This is
different from the cyclic carotenoid model, such as B-carotene,
although it has the same number of double bonds as
lycopene. The B-carotene chain end group's cyclization can
reduce its efficiency as a ROS fastener due to loss of planarity
of the two double bonds in the terminal or closed bond type
(resulting in a large increase in TET)%,

Despite differences in ineffectiveness, the carotenoids in
tomatoes can reduce ROS and give cells protection toward
radical electrons. Besides, acyclic carotenes such as lycopene
are considered the most robust carotenoid species in
tomatoes because they accumulate stably at high
concentrations. This causes lycopene to be more efficient in
reducing ROS, especially '0,, to reduce ROS significantly.
Tomato carotenoids effectively break down lipid oxidation
chain reactions with their ability to quell lipid peroxyl
radicals®. The process of eliminating peroxyl radicals (ROO)
by lycopene and other carotenoids involves several
mechanisms, namely: (a) electron transfer from carotene to
ROO:;, (b) hydrogen abstraction from ROO" to carotene and or,
(c) incorporation of carotene with ROO",

The regulation of gene expression and antioxidant
mechanism presented by tomato extract to reduce the
production of lipids and free radicals works simultaneously
and influences each other. Various types of cell signaling,
such as Mitogen-activated Protein Kinase (MAPK), Janus
Kinase-Signal Transducer and Activator of Transcription
(JAK-STAT) and necrosis factor kappa-beta (Nf-kB) pathway
involve transcription of genes that affect cellular levels of
ROS?. Furthermore, the presence of ROS directly can also
increase or inhibit the various signaling pathways. Therefore,
high levels of oxidative stress conditions that reflect the
disease's pathophysiology can be investigated from high
levels of MDA.

CONCLUSION

The MDA levels increase significantly and simultaneously
after a high cholesterol diet and in line with the raised level of
triglyceride, LDL-C, VLDL-C and damaged blood vessels.
Furthermore, 16 mg kg™ b.wt. of the steamed-tomato extract
can reduce MDA, lipids levels and protect endothelial from
lipid oxidation. Then, profiling of MDA and lipids parameters
may give a holistic overview of the potential biomarker to
identify atherosclerosis progression. More research should be
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conducted to breakdown MDA function in the molecular
pathway to expand potential biomarkers for atherosclerosis
detection, especially from transcriptomic subjects.

SIGNIFICANCE STATEMENT

This study discovers (1) the efficacious effect of steamed-
tomato supplementation reducing lipid peroxidation on
atherosclerosis progression, (2) the potential MDA as a potent
biomarker for atherosclerosis profile diagnosis or possible
treatment target. This study will help the clinical to develop
potential alternative medicine for lipid metabolism disorder
and for the researcher to uncover the critical areas of
cellular mechanism in lipid peroxidation on atherosclerosis
progression that many researchers were not able to explore.
Thus, a new theory on early atherosclerosis diagnosis may be
arrived at.
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