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Abstract

Low-density lipoprotein (LDL) is formed during the oxidation process, and the damages resulting from these
oxidative reactions lead to the development of cardiovascular diseases. Paraoxonase 1, a calcium-dependent
enzyme bound to high-density lipoprotein (HDL). The aim of this study was to isolate LDL and investigate the
fractions obtained from the alcoholic extract of Aqaqia root to assess their impact on oxidation LDL and
paraoxonase 1 activity under in vitro conditions. Blood samples were obtained from healthy individuals after
an overnight fast and their serum was separated using ultracentrifugation with a medium gradient. LDL
samples were subjected to copper sulfate oxidation, and the kinetics related to LDL oxidation, inhibition of
conjugated DNA formation, as well as paraoxonase enzyme activity in the presence of polyphenolic
components from gel filtration chromatography of Aqaqia root extract, were examined. The oxidation of LDL
under the influence of polyphenolic components derived from gel filtration chromatography of Aqaqia root
extract resulted in a significant reduction and also lead to the inhibition of conjugated DNA formation, a
secondary product of lipid peroxidation. However, it did not show a significant increase in paraoxonase
enzyme activity. Findings indicated that phenolic compounds obtained from gel filtration chromatography of
Aqagqia root extract were effective in reducing the LDL oxidation process and diminishing the production of
conjugated DNA compared to the control sample. These compounds have the potential to be effective in

preventing oxidative-related diseases including atherosclerosis.
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Introduction

Plants have been used for medicinal purposes for over
100 years (Vitalini et al., 2013). Examining the
history of herbal medicine usage from ancient times
to the mid-20th century indicates a decrease in the
consumption of medicinal plants until the 1940s and
a subsequent resurgence in their use until the 1980s
(Bauer, 2012). The presence of bioactive compounds
among plants such as antioxidants, antimicrobial
agents, and anti-tumor substances has enabled their
utilization as medicinal herbs, preservatives, and
dietary supplements (Samtiya et al., 2021). One of the
challenges faced by humans today is dealing with
certain chronic and life-threatening diseases such as
cancer, cardiovascular diseases, and respiratory
disorders (Koene et al.,, 2016). Free radicals and
oxidative substances are continuously generated in
living organisms due to various metabolic reactions
(Chaudhary et al., 2023). Considering the recognized
role of free radicals and oxidants in the onset and
progression of these diseases, the significance of
antioxidants in the diet as neutralizers of the
detrimental effects of free radicals becomes highly
sensitive (Jena et al, 2023). Aqaqgia, commonly
known as Black Locust, is a flowering tree or shrub
belonging to the Fabaceae family, which grows in
most regions of Iran. This tree is deciduous and its
leaves are compound, with a color ranging from green
to bluish-green (Uzelac et al., 2023). Aqaqgia (Robinia
pseudoacacia) is among the resilient trees that have
adapted to various climates and is utilized for
beautifying green spaces, controlling soil erosion, and
reclaiming cultivated lands. In the past, people used
Aqaqia for the treatment of various diseases, and it
still plays a significant role in modern pharmaceutical
and nutritional sciences (Vitkova et al., 2017). A study
conducted on Agagqia root in India has demonstrated
that many polyphenolic compounds obtained from
the dietary intake of antioxidant plants are effective in
laboratory conditions, similar to vitamins E and C
(Bouayed et al, 2010). Consequently, they may
significantly contribute to the body's protective effects
(Ansari et al, 2023). Numerous studies have
confirmed the high antioxidant activity of compounds

isolated from Robinia pseudoacacia bark extract
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(Ostolski et al., 2021). Studies have shown that the
extract of this plant has blood sugar-lowering effects,
which are related to the presence of flavonoids in the
plant. This plant is used in the treatment of diabetes
along with other herbs (Yen et al., 2021). Its
hepatoprotective  effects  have  also  been
demonstrated. Phenolic compounds constitute an
essential part of phytochemicals with diverse
biological activities (Madrigal et al, 2014). These
include properties such as antioxidant, anti-tumor,
anti-inflammatory, antibacterial, and more (Cuevas-
Cianca et al., 2023). LDL is the most significant
blood,

delivering cholesterol from the liver to peripheral

cholesterol-carrying lipoprotein in the
tissues (Genovesi et al., 2023). LDL enters peripheral
cells via endocytosis, transferring its contents to them
(Siddiqui et al., 2022). HDL2 plays a role in
transporting cholesterol back to the liver, removing
excess cholesterol from peripheral tissues in this
process (Ouimet et al, 2019). Increasing the
production of free radicals or reducing the levels of
antioxidants may lead to oxidative damage to
polyunsaturated fatty acids present in the cell
membrane structure (Lobo et al., 2010). This
phenomenon, recognized as lipid peroxidation,
initiates a chain reaction, ultimately resulting in the
formation of Malondialdehyde (Ayala et al., 2014). If
this oxidative damage initiates, it can progress in a
chain reaction leading to cellular death, accompanied
by widespread symptoms of disease (Singh et al.,
2019). Lipids are among the most important molecules
targeted by free radicals' attacks (Phaniendra et al.,
2015). This process leads to lipid peroxidation,
ultimately resulting in reduced cell viability and cell
death (Li et al.,, 2020). Among these, cell membranes
rich in polyunsaturated fatty acids are more sensitive to
peroxidation compared to other cellular components
(Mortensen et al., 2023). Lipid peroxidation causes
membrane fluidity reduction and disrupts its structure
and functionality, implicating its involvement in the
pathogenesis of many diseases (Gaschler et al., 2017).
Free radicals, such as reactive oxygen species commonly
referred to as oxidative agents, reduce the activity of the
peroxidase enzyme and increase the rate of LDL

oxidation (Phaniendra et al., 2015).
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LDL oxidation can create a conducive environment
for atherosclerosis development (Poznyak et al.,
2020). Paraoxonase (PON1) is a key component of
HDL and can deactivate toxic products generated
from the oxidation of LDL lipid components
(Durrington et al.,, 2023). There is ample evidence
supporting the potential protective effect of PON-1 in
the atherogenic process (Longo et al., 2021). The aim
of this study was to isolate LDL and investigate the
fractions obtained from the alcoholic extract of
Aqagqia root to assess their impact on oxidation LDL

and paraoxonase 1 activity under in vitro conditions.

Materials and methods

Preparing the extract

The process for preparing the extract from the Aqaqia
plant involved soaking. To this end, 10 grams of finely
ground Aqagia plant material were weighed, and the
resulting measurement was transferred into a 100-
milliliter Erlan flask. Subsequently, 70% ethanol was
added as the solvent. The Erlan flask, containing the
plant powder and 70% ethanol, was placed in the
refrigerator for 72 hours to ensure complete soaking
and extraction of the plant's compounds. Following
this, the contents inside the Erlan flask were filtered
through filter paper to strain out impurities. The
filtrate was then incubated for 48 hours. After the
incubation period, the material was dried and

subsequently frozen.

Column chromatography

Column Chromatography with Sephadex LH-20. In
this method, gel permeation chromatography with
Sephadex LH-20 was employed according to the
Hagman procedure. In this chromatographic
technique, molecules with different molecular weights
are separated from each other at different time

points.

LDL separation

The LDL in the serum was separated at the
Cardiovascular Research Center of Isfahan University
of Medical Sciences using the discontinuous gradient
density method with the help of an ultracentrifuge.
This technique, introduced by Bronzert in 1977,

involved adding bromide sodium to the serum,
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increasing its density to 1.182 g/cm3. The separation
was carried out using an ultracentrifuge Beckman at
16 degrees Celsius. This experiment proceeded
through a two-stage process with durations of 6 and
12 hours, respectively, at 16,000 rotations. Following
the protocol established by the HIMAC system, at the
end of the first stage, chylomicrons and VLDL were
separated as a yellow layer. Then, TaliGene Pars
Company has provided a rapid measurement kit for
Paraoxonase 1 activity using only one substrate. In
this method, Paraoxonase 1 catalyzes paraxon to
amount  of

produce paranitrophenol.  The

paranitrophenol produced was calculated by
measuring the increased absorption at a temperature
of 25 degrees Celsius and a wavelength of 412 nm.
Then, the results obtained in each experiment were
analyzed using SPSS 20 software and presented using

Excel 2014. Statistical tests were applied to the data.

Results and Discussion

The fraction obtained from gel filtration
chromatography, determined by a spectrophotometer
at three wavelengths, 280, 365, and 520, is shown in
Figs1to 3.

Fig. 1. Absorption Levels of Fractions Obtained from
Aqagia Root Plant at 280 Nanometers Wavelength

7414549 53 57 61 65 69 73 77 81

Namber Fractions

Fig. 2. Absorption Levels of Fractions Obtained from
Aqagia Root Plant at 365 Nanometers Wavelength.
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Fig. 3. Absorption Levels of Fractions Obtained from
Aqagia Root Plant at 520 Nanometers Wavelength.

Then considering the Figs 4-10 fractions numbered
10, 42, and 70 were selected in these experiments,
possessing the highest concentrations of polyphenolic
compounds and absorption. Their effects were
evaluated in three different quantities. Furthermore,
comparing the levels of conjugated DNA resulting
from the oxidation process under the influence of
different volumes, it was observed that fractions
number 10 at 1 microliter, 2 microliters, 7 microliters
significantly reduced the levels of conjugated DNA
due to the phenolic compounds present in this
fraction.
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Fig. 4. Comparing the LDL Oxidation Graph
Resulting from Fraction Number 10's Effect with 2 pL
to the Oxidation Graph of the Control Sample.
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Fig. 5. Comparing the LDL Oxidation Graph
Resulting from the Effect of Fraction Number 10 with
7 ul to the Oxidation Graph of the Control Sample.
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Fig. 6. Comparison of the LDL Oxidation Graph
Resulting from the Effect of Fraction Number 10 with
10 ul to the Oxidation Graph of the Control Sample.
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Fig. 7. Compare the LDL oxidation resulting from the
effect of Fraction Number 42 at a concentration of 2
microliters with the oxidation graph of the control
sample
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Fig. 8. Comparison of the LDL Oxidation Graph
Resulting from the Effect of Fraction Number 42 with
10 Micro Liters to the Oxidation Graph of the Control
Sample

Recent studies and research on medicinal plants,
focusing on their antioxidant properties and active
compounds, which play a role as factors in human
health and well-being, serve as indicators of
researchers' attention and interest in this important
issue (Vaou et al, 2021). Plants containing
polyphenolic compounds have a high antioxidant

potential.
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Fig. 9. Comparison of LDL Oxidation Graph
Resulting from the Effect of Fraction Number 70 with
2 ul to the Oxidation Graph of the Control Sample.
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Fig. 10. Compare the LDL oxidation graph resulting
from the effect of Fraction Number 70 at a
concentration of 10 microliters with the oxidation
graph of the control sample
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Fig. 11. Comparison chart of long-time LDL
oxidation.

Since the antioxidant activity of natural compounds
and extracts has been identified by a wide range of
methods, the question of which of these natural
antioxidants have higher efficiency has been raised
(Stagos, 2020). The conducted studies on the roots of
the Aqaqgia plant have indicated that this plant
contains substantial amounts of flavonoids,
anthocyanins, tannins, phenolic compounds, choline,

syringin, starch, simple sugars, and water-soluble
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proteins (Saeidnia et al,, 2011). These compounds
have transformed Aqaqia into a medicinal plant with
anti-inflammatory, antiviral, antibacterial, and
anticancer properties (Franski et al., 2023). Since
ancient times, these compounds have been used for
the treatment and reduction of coronary heart
diseases due to their high capability to absorb free
radicals present in the body (Khurana et al., 2013).
Therefore, in this study, considering the conducted
research on Aqaqia roots and the confirmation of the
high capacity of tannins and anthocyanins, as well as
the presence of phenolic and flavonoid compounds
confirmed, and due to the high antioxidant properties
of this plant, we selected it as a rich source of
antioxidant compounds and an effective substance in
oxidation  and

reducing  lipid preventing

atherosclerosis (Kaczorova et al, 2021). The
experiments conducted on this plant have shown that
the methanolic extract of Aqaqgia roots contains the
highest antioxidant compounds (Czech et al., 2023).
In this study, Due to its significant amount of
phenolic and flavonoid compounds, it exhibits
superior antioxidant activity compared to its aqueous
and alcoholic extracts. The results obtained from the
effects of each fraction derived from the gel filtration
chromatography of Aqaqia root extract demonstrate
inhibition of the oxidation process. Considering the
concentration of phenolic compounds in each fraction
(Table 1), Fraction 10 exhibited the highest level of
phenolic antioxidant compounds. Its impact on
isolated LDL particles was investigated at specified
quantities of 2, 7, and 10 microliters. It was found
that phenolic antioxidant compounds possessed
significant capabilities in delaying the process of LDL
oxidation. Comparison of the obtained time lag points
from the oxidation graph and the results from the
time lag diagram (Fig. 11) indicated a significant
difference at p < 0.001, suggesting a 100% inhibition
of the LDL particle oxidation process. This justifies
the hypothesis that the phenolic compounds present
in Aqaqia root extract are capable of inhibiting free
radicals generated from copper sulfate-induced LDL
oxidation in vitro conditions. The time lag extended
the oxidation curve to approximately 150 minutes
compared to the control sample, which is acceptable
based on the conducted experiments under in vitro

conditions.
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Table 1. The level of phenolic compounds in

fractions obtained from the Aqaqia root plant.

Absorption Phenolic Fraction
compounds (+ SD) number

0.08 8.625 + 0.05 1
0.13 12.528 + 0.02 2
0.098 9.48 + 0.06 3
0.111 10.689 + 0.03 4
0.11 10.65 + 0.05 5
0.18 17.582 + 0.04 6
0.38 37.033 £ 0.02 7
0.814 78.472 + 0.03 8
1.256 121.101 + 0.06 9
1.838 177.25 + 0.05 10
1.345 129.713 + 0.08 11
1.18 114.348 + 0.07 12
0.89 86.666 + 0.06 13
0.61 58.93 + 0.04 14
0.45 43.728 £ 0.02 15
0.43 42.051 £ 0.05 16
0.59 57.2 £ 0.06 17
0.66 64.521 + 0.03 18
0.744 71.729 + 0.04 19
0.75 72.638 + 0.0 20
1.184 114.164 £ 0.04 21
0.7 67.484 + 0.07 22
0.582 56.084 + 0.06 23
0.474 45.666 + 0.04 24
0.375 36.199 £ 0.02 25
0.306 29.503 + 0.03 26
0.31 30.408 + 0.04 27
0.31 30.638 £+ 0.02 28
0.302 29.156 + 0.05 29
0.33 31.828 + 0.0 30

Gallic acid of mili gram in the fraction The results are

presented as mean + standard deviation

The past results from the studies conducted indicated
that the phenolic compounds present in rosemary
extract, at concentrations of 50, 100, and 200
micromolar, significantly reduced LDL oxidation
(Afonso et al, 2013). Moreover, the level of
conjugated dienes resulting from LDL oxidation was
significantly reduced under the influence of these
extracts compared to the control sample. The past
study conducted on the effect of antioxidant
compounds from Aqaqia extract on LDL oxidation
revealed that the phenolic compounds present in this
plant extract led to a reduction in the oxidation
process (Bagheri et al., 2013). The results obtained
from our research align with the findings of other
studies conducted by researchers on the impact of
plant phenolic compounds on LDL oxidation. It can
be concluded that the phenolic compounds present in
plants act as natural antioxidants, delaying the

process of lipid particle oxidation.
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This is a crucial factor in preventing the onset of
atherosclerosis. The results from our experiments
(Figs 7&8) demonstrate that the effect of flavonoid
compounds present in Fraction 42 significantly
reduced the oxidation process (p<0.001). In such a
way that, under the influence of volumes of 10 and 2
microliters used, the time lag of the oxidation process
was extended by approximately 150 minutes
compared to the control sample under laboratory
conditions. This indicates the ability of these
polyphenolic compounds present in the fraction
obtained from the chromatography of Aqaqgia root
extract to completely inhibit LDL particle oxidation.
In the present study, based on the conducted research
on the effect of flavonoid compounds on LDL
oxidation, it can be asserted that due to their high
antioxidant capacity in trapping and inhibiting free
radicals generated from copper sulfate in vitro and
under similar conditions in vivo, flavonoids serve as
potent  antioxidants in the treatment of
atherosclerosis and reduction of lipid peroxidation.
Our experiments, using two volumes of 2 and 10
microliters of the fraction containing separated
flavonoids from Aqagqia root extract (Fraction number
45), revealed that these compounds can completely
inhibit LDL oxidation. This effect was observed in a
dose-dependent manner, as an optimal concentration
of flavonoids in Fraction number 45, with a volume of
10 microliters, significantly delayed the time lag and
reduced the levels of conjugated dienes resulting from
LDL oxidation. Increasing the concentration of
flavonoids in Fraction number 45 had a significant
impact on delaying the oxidation process and
lowering the levels of conjugated dienes. In the
present study, the antioxidant activity of fractions
obtained from gel filtration chromatography of
Aqaqgia root extract was investigated, and the
inhibitory percentage of each sample was determined.
Based on the experimental results, it was observed
that the inhibitory percentage of the antioxidant
compounds in Agaqgia root extract depended on the
type and concentration of the antioxidant compounds
present in the separated fractions. Until now, studies
have focused on investigating the impact of
antioxidant compounds on the activity of the enzyme
paraoxonase 1. The results have indicated the positive
effects of these compounds on the enzyme activity, as

97 | Nori et al.



well as their increased protective effects against LDL
oxidation. Therefore, in the current study, due to the
presence of antioxidant compounds with high anti
oxidative properties in the extract obtained from gel
filtration chromatography of Aqaqgia root, we
examined the influence of these fractions on
paraoxonase 1 enzyme activity. The past results
obtained from the study conducted indicated the
positive impact of pomegranate extract on
paraoxonase enzyme activity (Parsaeyan et al., 2012).
The antioxidant compounds present in the extract of
this plant significantly increased the activity of this
enzyme. In our research, although the fraction
containing flavonoid compounds (fraction 42) did not
exhibit a significant reduction in enzyme activity
compared to other fractions and antioxidant
compounds, it is possible that due to the presence of
other biochemical factors in our serum samples and
their interaction with the polyphenolic compounds
present in the fractions obtained from the extract,
interference occurred in the activity of paraoxonase 1

enzyme.

Conclusion

Due to its diverse polyphenolic compounds and
strong antioxidants such as phenols, tannins,
flavonoids, and anthocyanins, Aqaqia plant exhibits
potent antioxidant activity. By exerting its antioxidant
effects, it can influence the oxidation system, reduce
oxidative stress, and inhibit the atherogenic effects
resulting from the accumulation of oxidized fatty
molecules, thereby preventing atherosclerosis, which
is now the leading cause of heart diseases worldwide.
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