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Abstract

Background Polysaccharide from Garcinia mangostana rind has many biological activities and deserves further
research.

Methods The antioxidant properties of UAEE-GMRP, UAEE-GMRP-1 A, CM-30, and Ac-30 were evaluated through two
different antioxidant activity experimental systems.

Results The four polysaccharides had a better scavenging effect on hydroxyl radicals, while their inhibitory effect on
lipid peroxidation was relatively weak. However, overall, the four polysaccharides showed a certain degree of potential
application in the two antioxidant experiments mentioned above, especially the chemically modified polysaccharides

polysaccharides.

from Garcinia mangostana rind, which effectively improved their antioxidant activity. This also indicates that
chemical modification is a better method to improve polysaccharide activity. In addition, in these two antioxidant
exploration experiments, carboxymethylated polysaccharide showed stronger activity compared to the other three

Conclusion The carboxymethylation modification may have great potential for application.
Keywords Garcinia mangostana rind polysaccharide, Chemical modification, Antioxidant activity

Introduction

Oxidation is a process of breaking down substances and
releasing energy inside or outside the body of an organ-
ism. This type of action is widely present in nature, and
in chemistry, we view it as a series of chemical reactions
accompanied by electron gain and loss. Among them,
in living organisms, the oxidation of substances is usu-
ally a slow and gentle process that does not make organ-
isms feel the sensation of substance oxidation [1-3]. For
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example, in the human body, glucose and other energy
producing substances are oxidized and broken down,
producing a chemical called adenosine triphosphate
(ATP), which is the energy that the body can utilize; In
biological systems, the oxidation of substances may be
a rapid and intense reaction, also known as a combus-
tion reaction. In addition, oxidation is also reflected in
the slow reaction between substances and oxygen, dur-
ing which slow heating but no luminescence may occur,
such as metal corrosion and biological respiration. In
short, oxidation is closely related to our daily life, and
appropriate oxidation can help clean hair, promote
wound healing, and whiten the skin. Of course, there are
beneficial oxidative effects, and naturally there are also
some oxidative effects that can cause great damage to
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organisms. For example, excessive oxidative stress may
lead to adverse effects on the body. During the respira-
tion process of human cells, highly active deoxygenated
radicals, hydroxyl radicals, and superoxide anion radicals
are produced. If these negative oxidative effects and the
generated oxygen free radicals are not cleared in a timely
manner, when they accumulate in excess, it is highly
likely to cause aging and certain diseases in the human
body [4—10]. Therefore, people have been searching for
substances that can safely and effectively eliminate oxy-
gen free radicals, and the safety, non-toxicity, and natural
antioxidant properties of polysaccharides have gradually
been studied and studied by researchers. In view of this,
antioxidant activity has become one of the widely studied
biological activities of polysaccharides and an important
indicator for evaluating the activity value of polysaccha-
rides [11, 12].

In the experiment of measuring the antioxidant activ-
ity of polysaccharides, the excellent antioxidant activity
of polysaccharides is often evaluated from the aspects
of free radical scavenging ability, anti-lipid peroxidation
ability, and total reduction ability. However, it should be
noted that there may be varying degrees of differences in
the expression of the above abilities by active polysaccha-
rides. In this chapter’s experiment, the scavenging ability
of Garcinia mangostana rind polysaccharide and their
derivatives on hydroxyl radicals and their inhibitory abil-
ity on lipid peroxidation were investigated.

Materials and methods

Materials and reagents

The Garcinia mangostana rind was purchased from
the market (Chongqing, China). UAEE-GMRP, UAEE-
GMRP-1 A, CM-30, and Ac-30 were self-made in the
laboratory. The related reagents were purchased through
commercial channels, all of which were analytical purity.

Determination of hydroxyl radical scavenging ability

The specific steps for determining the hydroxyl radical
scavenging activity of polysaccharides are as follows [13].
Firstly, mix the polysaccharides with distilled water and
prepare a polysaccharide solution with a total concentra-
tion of 2 mg/mL. Then dilute with water to obtain differ-
ent concentrations of the test solution with a total volume
of 1 mL, with concentrations of 0.125 mg/mL, 0.25 mg/
mL, 0.5 mg/mL, 1 mg/mL, and 2 mg/mL, respectively.
Afterwards, add 1 mL of newly prepared FeSO, solution
(6 mmol/L), 1 mL of H,0O, solution (5 mmol/L), and 1 mL
of salicylic acid solution (20 mmol/L) to different con-
centrations of polysaccharide solutions. Finally, heat the
above mixed solutions in a water bath at 37 ‘C for 30 min.
After heating, perform UV scanning within the range of
400 ~ 600 nm and record the absorbance value at 510 nm.
Distilled water replaced polysaccharide solution as the
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blank group, and V. replaced polysaccharide solution
as the positive control group. The measurement experi-
ments were repeated three times. The formula for calcu-
lating the clearance rate of polysaccharides on hydroxyl
radicals is:

S.on (%) = [(Ao — A1) /Ag] x 100 (1)

In the formula, Aj and A, represent the absorbance of the
system without and with added samples, respectively.

Determination of lipid peroxidation inhibition ability

The specific steps for measuring the anti-lipid peroxida-
tion activity of polysaccharides are as follows [14]. Sim-
ply put, 2 mL of polysaccharide solutions with different
mass concentrations (0.125 mg/mlL, 0.25 mg/mL, 0.5 mg/
mL, 1 mg/mL, and 2 mg/mL) are first taken and placed
in a test tube. Then, a volume of 1.8 mL of soy lecithin
solution and 0.4 mL of newly prepared FeSO, solution
are sequentially added to them (with concentrations of
1 mg/mL and 10 mmol/L, respectively). Next, heat the
above mixed solutions in a water bath at 37 “C for 30 min.
After heating, add 1 mL of trichloroacetic acid solution
and thiobarbituric acid solution in sequence (with mass
concentrations of 20% and 0.8%, respectively). Finally,
heat in a 15 min boiling water bath and centrifuge after
the reaction to remove a small amount of sediment while
retaining the supernatant. Perform UV scanning on the
above supernatant within the range of 400 ~600 nm and
record the absorbance values at 535 nm. The experiment
was repeated three times with distilled water as the blank
group and Vc as the positive control group. The formula
for calculating the inhibition rate of polysaccharides on
lipid peroxidation is:

Lip (%) = [(Bo — By) /Bo] x 100 @)

In the formula, B, and B, represent the absorbance of the
system without and with added samples, respectively.

Results and discussion

Analysis of hydroxyl radical scavenging ability

Hydroxyl radicals, as a highly oxidizing reactive oxygen
species, have been widely proven to be closely related to
human aging and the occurrence of certain diseases [15].
This part of the experiment used the Fenton reaction
system to test the in vitro scavenging ability of four poly-
saccharides against hydroxyl radicals, and the relevant
scavenging rate was used as an evaluation indicator. As
shown in Fig. 1, it is evident that the clearance rates of
the four polysaccharides are significantly positively corre-
lated with their concentrations. After reaching the maxi-
mum concentration of 2 mg/mL, the clearance rates of
UAEE-GMRP and UAEE-GMRP-1 A were basically half
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Fig. 1 Hydroxyl radical scavenging ability

of those of the control group. At the same time, although
the growth trend of the clearance rates of the two poly-
saccharides mentioned above has weakened to some
extent compared to before after reaching a polysaccha-
ride concentration of 1 mg/mlL, there is still an upward
trend. It is estimated that further increasing the concen-
tration will still provide some room for improvement in
their clearance ability. In addition, at various concentra-
tions, the clearance rates of UAEE-GMRP and UAEE-
GMRP-1 A are relatively similar, indicating that their
ability to scavenge hydroxyl radicals mainly depends on
the polysaccharide components. For Ac-30 and CM-30,
it can be seen from the graph that their clearance rates
are higher than the other two polysaccharides at the
same concentration at all concentrations. After reach-
ing the maximum concentration of 2 mg/mL, the clear-
ance rate of CM-30 had reached three-quarters of that of
the control group. Similarly, although the clearance rate
of Ac-30 was lower than that of CM-30 at this concen-
tration, it was still more than half of that of the control
group. Furthermore, it is worth noting that according to
the growth trend shown in the graph, it can be observed
that after 2 mg/mL, CM-30 and Ac-30 have a better trend
of improvement compared to the other two polysaccha-
rides. Especially, the clearance rate of CM-30 has reached
72.4% at the maximum concentration. Further increase
in concentration is likely to result in a situation where
the clearance rate of V_ in the control group remains the
same or even exceeds that of the control group. It can
also be seen from here that chemical modification can
indeed enhance the hydroxyl radical scavenging ability
of polysaccharides, and the reason for this is likely due
to the introduction of modification groups changing the

spatial structure of polysaccharides, thereby enhancing
their hydrogen supply ability and exposing more reaction
sites [16, 17]. Of course, although chemical modification
can enhance the biological activity of polysaccharides,
the enhancement effects brought by different modifica-
tion methods are not the same. For carboxymethylation
modification, it is often similar to phosphorylation and
sulfation, which can cause the aggregated polysaccharide
molecules to stretch more to expose more hydrophilic
hydroxyl groups, thereby significantly improving the
water solubility of the modified polysaccharide [18]. The
increase in aqueous solution can ensure the dissolution
of more polysaccharide components to effectively exert
their biological activity, which is also one of the reasons
why the hydroxyl radical scavenging ability of CM-30 is
generally higher than that of Ac-30 at various concen-
trations. In summary, all four polysaccharides can scav-
enge hydroxyl radicals to varying degrees, especially after
undergoing carboxymethylation and acetylation modi-
fications, their scavenging ability has been effectively
improved, with carboxymethylation modification being
the most significant.

Analysis of lipid peroxidation inhibition ability

Unsaturated fatty acids and lipids in the human body
often undergo oxidative degradation under high oxi-
dation conditions, producing various harmful or even
harmful free radicals. Polysaccharides can achieve the
goal of clearing free radicals by inhibiting lipid peroxida-
tion. This experiment used soy lecithin as an inducer to
explore the inhibitory ability of four polysaccharides on
lipid peroxidation process. The lipid peroxidation inhibi-
tion ability of the four polysaccharides is shown in Fig. 2.
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Fig. 2 Lipid peroxidation inhibition ability

It can be clearly seen that their inhibition ability is V>
CM-30>Ac-30>UAEE-GMRP =UAEE-GMRP-1 A.
Among them, within the concentration range of 0.5 mg/
mL to 2 mg/mL, the anti-lipid peroxidation ability of
UAEE-GMRP and UAEE-GMRP-1 A was significantly
improved compared to the lower concentration range,
and there was still a good growth trend after reaching the
maximum concentration. Similarly, at different polysac-
charide concentrations, both polysaccharides showed
similar lipid peroxidation inhibition abilities, indicating
that the polysaccharide components still played the main
active role in this activity experiment. However, overall,
there is still a certain gap in the inhibitory effect of UAEE-
GMRP and UAEE-GMRP-1 A on lipid peroxidation com-
pared to the control group. After carboxymethylation
and acetylation modification, we can see that the inhibi-
tory ability of CM-30 and Ac-30 has been significantly
improved and has exceeded the inhibitory ability of the
control group by more than half when reaching the maxi-
mum concentration. The reasons for this improvement
in inhibitory ability may be diverse, closely related to the
number of modified substituents, substitution positions,
and related reaction mechanisms. At the same time, over-
all, CM-30 has a stronger ability to inhibit lipid peroxi-
dation than Ac-30, which is consistent with the previous
hydroxyl radical scavenging activity experiment, indicat-
ing that the effect of carboxymethylation modification

on enhancing the water solubility of polysaccharides is
indeed stronger than acetylation modification. Of course,
this is only one important reason, and a more compre-
hensive explanation requires a deeper understanding of
the mechanisms of action of both. Furthermore, it can be
observed that the inhibitory ability of polysaccharides on
lipid peroxidation is generally inferior to their ability to
scavenge hydroxyl radicals, which indirectly reflects the
higher affinity of polysaccharides and their derivatives for
hydroxyl radicals. The high or low affinity may be related
to the unique reaction mechanisms of different in vitro
antioxidant experiments. However, overall, through the
above exploration experiments, it can be seen that car-
boxymethylation and acetylation modifications can effec-
tively enhance the lipid peroxidation inhibition ability of
polysaccharides. Among them, carboxymethylation mod-
ified products have a better enhancement effect, indicat-
ing that they have certain development potential.

Conclusion

The hydroxyl radical scavenging ability of four polysac-
charides was measured based on the Fenton reaction
system, and the results showed that the scavenging rates
of the four polysaccharides on hydroxyl radicals were
significantly positively correlated with their concentra-
tions. In addition, carboxymethylation and acetylation
modification can effectively enhance the hydroxyl radical
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scavenging ability of polysaccharides, among which car-
boxymethylation modification has the best enhancement
effect. If the polysaccharide concentration is further
increased after reaching the maximum concentration, it
is expected to approach or even exceed the clearance rate
of the control group V_ in the future.

Using soybean lecithin as an inducer, the inhibitory
ability of four polysaccharides on lipid peroxidation pro-
cess was investigated and measured. The results showed
that all four polysaccharides had a certain degree of lipid
peroxidation inhibition ability. Similarly, after carboxyl-
ation and acetylation modification, the inhibitory ability
of polysaccharides was effectively improved, while car-
boxylation modification had a better enhancement effect.

In these two antioxidant exploration experiments, it
can be found that the four polysaccharides have a higher
affinity for hydroxyl radicals and generally have better
scavenging ability. In addition, carboxymethylation mod-
ified products showed stronger activity in both experi-
ments, indicating that this modification method may
be a polysaccharide modification method with greater
potential.

Abbreviations
UAEE-GMRP Ultrasonic assisted enzyme extraction of polysaccharide
from Garcinia mangostana rinds

Refined polysaccharide eluted from UAEE-GMRP-1 with

0.1 mol/L NaCl

UAEE-GMRP-1 A

CM-30 Carboxymethylated polysaccharide prepared from UAEE-
GMRP was obtained under the optimal the ratio of raw
material to liquid

Ac-30 Acetylated polysaccharide prepared from UAEE-GMRP

was obtained under the optimal the ratio of raw material
to liquid
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