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Abstract

Objective: The purpose of this study was to assess the immune response and malondialdehyde levels in irradiated
rats supplemented with Curcuma xanthorriza Roxb extract as a candidate for mitigating radiation exposure. Methods:
Twenty-four male Wistar rats were grouped into eight treatment groups, then Curcuma xanthorrhiza Roxb extract
was administered orally and irradiated at 6 Gy. Measurement of rats IL-6 and INF-y was performed using a sandwich
ELISA Kit, while the MDA concentration was quantified according to the method of Wills (1971). The statistical test is
determined by one way ANOVA test. P-value <0.05 was considered statistically significant. Result: The concentration of
IL-6 in all groups showed no statistically significant difference (P=0.18). There was an increase in the concentration of
IL-6 in the group of rats irradiated with 6 Gy for 7 days and 14 days. Meanwhile, the INF-y concentration also showed no
significant results in all treatment groups (P=0.28). The average of MDA concentration showed a significant difference
in the liver and spleen of irradiated rats at 6 Gy for 14 days compared to the control (0.044 nmol/mg vs 0.008 nmol/
mg, P=0.03 and 0.032 nmol/mg vs 0.014 nmol/mg, P=0.05, respectively). Conclusion: The administration of Curcuma
xanthorriza Xorb extract was able to reduce MDA concentrations in the liver and spleen although not statistically
significant. In addition, exposure to ionizing radiation at a dose of 6 Gy significantly increased lipid peroxidation in
the liver and spleen by 5.5 times and 2.3 times, respectively.
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Malondialdehyde (MDA) is one of the end products of
the lipid peroxidation process in the blood and organs such
as the liver and spleen (Ayala et al., 2014). The increasing
accumulation of free radicals causes the production of

Introduction

Radiation exposure has long been known to contribute
to oxidative stress by direct excitation or by ionizing

individual atoms. Free radicals formed through molecular
ionization will then induce oxidative stress and cause
damage to exposed cells (Nuszkiewicz et al., 2020).
Exposure to damaging ionizing radiation is closely related
to increased oxidative stress at the site of the irradiated
cell. This is due to the nature of ionizing radiation which
can penetrate the cell until it enters the cell nucleus and
then ionizes organic molecules in the nucleus (Belli and
Indovina, 2020). Free radicals can cause oxidative stress
thereby creating a process of lipid peroxidation in living
organisms. In addition, the presence of free radicals can
also trigger cell damage due to disruption of the balance
between antioxidants and oxidants in the tissue (Alkadi,
2020; Martemucci et al., 2022).

MDA to also increase. Thus, MDA is a marker of oxidative
stress and cellular defects caused by accumulation of free
radicals (Hasanuzzaman et al., 2020). During the process
of oxidative stress, in addition to releasing MDA, the body
will also secrete several pro-inflammatory cytokines, such
as Interleukin-6 (IL-6), IL-10, TNF alpha, and Interferon
gamma (IFN-y) (Boarescu et al., 2022). Innate immune
cells that play a role in the release of these cytokines
are macrophages. According to the way of activation,
there are two types of macrophages, namely prototypic
macrophages, and anti-inflammatory macrophages.
Prototypic macrophages are responsible for producing
proinflammatory and bactericidal cytokines, while anti-
inflammatory macrophages are responsible for repairing
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damaged tissue (Fernando et al., 2014).

The cytokines targeted in this study were IL-6 and
IFN-y. IL-6 is a pro-inflammatory cytokine that plays a
role in regulating immune and inflammatory responses
and inhibits apoptosis during the inflammatory process.
IFN-y, on the other hand, is a pleiotropic molecule
associated with anti-proliferative, pro-apoptotic, and
anti-tumor mechanisms (Matsuoka et al., 2016; Castro
et al., 2018). IFN-y encodes a soluble cytokine that is
a member of the type II interferon class. The encoded
protein is secreted by innate and adaptive immune system
cells. The active protein is a homodimer that binds to
interferon-gamma receptors that trigger cellular responses
to viral and microbial infections (Kopitar-Jerala, 2017;
Mojic et al., 2018). The IL-6 gene encodes a cytokine
that functions in inflammation and B-cell maturation. In
addition, the encoded protein has has been shown to be an
endogenous pyrogen capable of causing fever in people
with autoimmune or infectious diseases. It The protein is
mainly produced at sites of acute and chronic inflammation
(Kaneko et al., 2019).

Curcuma xanthorrhiza Roxb (Indonesian people call
“Temulawak™) is a plant that is often used as medicine
which belongs to the Zingiberacea genus and is found in
many forests in tropical areas, especially in Indonesia.
This genus has around 93-100 species, although there
is still controversy about the exact number. Curcuma
contains many secondary metabolites that are beneficial
to health (Akarchariya et al., 2017; Syamsudin et al.,
2019). Sesquiterpenoids and monoterpenoids are the
main components of this plant. The oil extracted from
Curcuma has many pharmacological functions, including
antidiarrheal, carminative, antilarvatic, antiviral, anti-
inflammatory, antioxidant, and anticancer properties
(Angel etal., 2014; Sikha etal., 2015; Herath etal., 2017;
Dosoky and Setzer, 2018). Information and investigation
related to the role of Curcuma as a radiation mitigator
has not been widely carried out. Moreover, the use and
development of traditional medicines, especially in the
Asian region, is very rapid. In addition, studies of the
benefits of Curcuma on immune response and MDA
concentrations in rats after being exposed to radiation
has not been widely studied. This is the novelty that this
paper wants to achieve. The purpose of this study was to
assess the immune response and malondialdehyde levels
in irradiated rats supplemented with Curcuma xanthorriza
Roxb extract as a mitigator candidate from radiation
exposure.

Materials and Methods

Ethical approval

The ethical approval certificate for this present
study was issued by Institutional Animal Care and Use
Committee, Indonesia, on November 15, 2021 with
certificate number 011/KEPPHP-BATAN/XI1/2021.

Preparation of Curcuma xanthorriza Xorb extract
Roots of Curcuma xanthorriza were obtained from

the Indonesian Medicinal and Aromatic Crops Research

Institute (IMACRI), while the identification process
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was carried out at the Indonesian Institute of Sciences,
National Research and Innovation Agency, Bogor, West
Java, Indonesia. Dosage is expressed as milligrams of dry
extract per kilograms of rat body weight. The resulting
extract was then redissolved in its solvent before each
individual experiment. Captopril was used as standard
drug in this study.

Animals

The experimental animals used were male Wistar rats,
aged 8-12 weeks, and weighing 180-220 grams. These
animals were obtained from iRATco Veterinary Laboratory
Service, Bogor, Indonesia. All test animals were housed
and acclimatized under optimal conditions of temperature
(21-24°C) and lighting (12 hours dark/light cycle) at the
Integrated Animal Laboratory, National Research and
Innovation Agency (BRIN), Indonesia. Before use, the
animals were given a pelleted rodent diet (iRATco) and
weighed regularly once a week.

Samples collection

Twenty-four male Wistar rats were grouped into eight
groups (n=3 each): group K (control), group A (6 Gy
irradiation, 2 hours), group B (6 Gy irradiation, 7 days),
group C (6 Gy irradiation, Curcuma, 7 days), group D
(6 Gy irradiation, Captopril, 7 days), group E (6 Gy
irradiation, 14 days), group F (6 Gy irradiation, Curcuma,
14 days) and group G (6 Gy irradiation, Captopril, 14
days). The concentration of curcuma extract was 100
milligrams per kilogram of body weight. The number
of animals tested in this study was calculated using the
Frederer formula, (n-1) (t-1) 215, with “t” means the
number of treatment groups and “n’ means the minimum
number of animals used in each group. Based on this
formula, eight groups were formed and three animals
were in each group.

Radiation exposure was given at a dose of 6 Gy and
a dose rate of 1 Gy/min using a cobalt-60 IRPASENA
gamma ray device at the Research Center for Radiation
Process Technology, BRIN, Indonesia. The distance from
the Co-60 source to the sample was 108 cm. Each rat
was fixed in a perforated acrylic container. The irradiated
rats were placed on a rotating platform to ensure the
same dose to all tissues. Rats were anesthetized with
ketamine-xylazine (75-100 mg per kg body weight)
intraperitoneally. Surgery was performed by opening the
thoracic cage, and blood was immediately removed using
a 10 mL syringe and was placed into a tube containing
heparin for plasma isolation. Whole blood was centrifuged
at 3,000 rpm within 30 minutes. Supernatant (plasma) was
taken and was stored at -20°C.

Measurement of immune responses

The rats IL-6 and INF-y measurement were carried out
using ELISA Kit from EliKineTM. Specific antibodies for
IL-6 and IFN-y were pre-coated onto microplates. The
standard and sample are pipetted into the well and any
IL-6 and IFN-y present are bound by the immobilized
antibody. After removing unbound substances, a biotin-
conjugated antibody specific for IL-6 and [FN-y was added
to the wells. After washing, a proprietary EliKineTM



Streptavidin-HRP conjugate is added to the well. After
washing, TMB Substrate was added, TMB turned blue
under HRP catalysis and turned yellow after the solution
addition stopped. Measure the optical density (OD) value
with a microplate reader at a wavelength of 450 nm. IL-6
and IFN-y concentrations were comparable to OD450 nm
standard values.

Quantification of MDA levels

MDA levels were quantified according to the
Wills (1971) method with some modifications (Wills,
1971). MDA standard curves were prepared using
tetracthoxypropane (TEP) at five-point concentrations
from 0 to 5 nmol/mL. The standard MDA solution was
putinto a 1.5 mL microtube containing 400 ul of distilled
water. 200 pl of 20% trichloroacetic acid (TCA) and 400
pl of 0.67% thiobarbituric acid (TBA) were added then
incubated at 96-100°C for 10 minutes. The mixture was
kept at room temperature until there were no bubbles in
the tube. The optical density value is read at a wavelength
of 530 nm. The procedure for measuring MDA in liver and
spleen tissue is the same as for determining the standard
curve. After adding 20% TCA, the samples (200 pl
each) were homogenized briefly and then centrifuged at
5,000 rpm for 10 minutes. The MDA concentration was
calculated by plotting the absorbance value into the linear
regression formula of the standard curve.

Statistical analysis

In all experiments, the data obtained are presented
as the mean = SEM. Statistical analysis was performed
using SPSS software version 25. The data normality test
was performed using the Shapiro-Wilk test. The level of
significance between IL-6, IFN-y, and MDA levels was
determined by one-way analysis of variance (ANOVA)
test and continued with Tukey’s post-hoc assessment if
significant differences were found. An independent sample
T-test was performed to determine the concentration of
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IL-6, INF-y, and MDA between irradiated groups with
and without Curcuma supplementation. P-value <0.05
was considered statistically significant.

Results

Effects of different doses of the ethyl alcohol extract
of Curcuma xanthorriza Xorb (Temulawak) on IL-6
and INF-y levels are shown in Table 1, Figures 1 and
2, respectively. In this study, as shown in Figure 1, the
mean plasma concentrations of the cytokine IL-6 in rat
plasma in all groups showed no statistically significant
difference (P=0.18). There was an increase in the
concentration of IL-6 in the group of rats irradiated
with 6 Gy for 7 days and 14 days. Meanwhile, in Figure
2, the average INF-y concentration also showed a not
significant results in all treatment groups (P=0.28). Table
2 showed the concentration of IL-6, IFN-Y, and MDA
between irradiated groups with and without Curcuma
supplementation. There were no significant differences
between all the groups tested.

Effects of different doses of the ethyl alcohol extract
of Curcuma xanthorriza Xorb (Temulawak) on MDA
levels in liver and spleen are shown in Figures 3 and 4,
respectively. In Figure 3, the average MDA concentration
showed a significant difference in the liver of irradiated rats
at 6 Gy for 14 day compared to the control (0.044 nmol/
mg vs 0.008 nmol/mg, P=0.03). Meanwhile, in Figure 4
we can see that the average of MDA concentration also
showed a significant increase in the spleen of irradiated
rats at 6 Gy for 14 days compared to the control (0.032
nmol/mg vs 0.014 nmol/mg, P=0.05).

Discussion

The results of this study in rats showed a strong
correlation between exposure to ionizing radiation and
the level of lipid peroxidation which is characterized

Group of treatment

Figure 1. Effects of Curcuma xanthorriza Xorb Extract (100 mg/kg body weight) and 6 Gy Irradiation Dose on
the Value of IL-6. Comparisons were made using ANOVA followed by post-hoc Tukey's multiple comparison test
(P-value=0.18). Note: P-value<0.05 was considered statistically significant.
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Table 1. The Concentration of IL-6, INF-y, and MDA Concentration in Rats Treated with 6 Gy Irradiation

Concentration of

Groups IL-6 (pg/mL) INF-gamma (pg/mL) MDA in liver (nmol/mg) MDA in spleen (nmol/mg)
Control 192.48+17.34 420.81444.53 0.0076+0.005 0.0138+0.002

2h, 6 Gy 58.95+5.78 441.99492.02 0.0211+0.011 0.0239+0.008

7d, 6 Gy 334.5+161.55 454.49+7.77 0.02+0.009 0.0259+0.005
Curcuma, 7d, 6 Gy 86.4+6.47 517.71£102.13 0.0118+0.001 0.0164+0.001
Captopril, 7d, 6 Gy 77.5+6.57 459.08+60.14 0.0055+0.005 0.0169+0.001

14d, 6 Gy 190.68+30.51 401.85+40.62 0.0438+0.009* 0.0316+0.001*
Curcuma, 14d, 6 Gy 79.91+18.37 476.67+48.07 0.0278+0.008 0.0256+0.01
Captopril, 14d, 6 Gy 149.32+124.04 380.03+18.74 0.0204+0.001 0.0268+0.003
P-value 0.18 0.28 0.03 0.05

Note: One-way ANOVA, Tukey’s post hoc test, two sided P-value<0.05
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Figure 2. Effects of Curcuma xanthorriza Xorb Extract (100 mg/kg body weight) and 6 Gy Irradiation Dose on the
Value of INF-y (P-value=0.28).

by the formation of MDA. Malondialdehyde (MDA) of lipid peroxidation in the body, through enzymatic
is a dialdehyde compound which is the end product  or non-enzymatic processes (Jove et al., 2020). High
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Figure 3. Effects of Curcuma xanthorriza Xorb Extract (100 mg/kg body weight) and 6 Gy Irradiation Dose on the
Value of MDA in Liver (P=0.03). Note: *P-value<0.05 was considered statistically significant.
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Figure 4. Effects of Curcuma xanthorriza Xorb Extract (100 mg/kg body weight) and 6 Gy Irradiation Dose on the
Value of MDA in Spleen (P-value=0.05). Note: *P-value<0.05 was considered statistically significant.

Table 2. The Concentration of IL-6, INF-Y', and MDA Engagement between Irradiated Groups with and without

Curcuma Supplementation

Group IL-6 (pg/mL) INF-gamma (pg/mL) MDA in liver (nmol/mg) MDA in spleen (nmol/mg)
7d, 6 Gy 334.5+£161.55 454.49+7.77 0.02+0.009 0.0259+0.005
Curcuma, 7d, 6 Gy 86.4+6.47 517.71£102.13 0.0118+0.001 0.0164+0.001
P-value 0.11 0.47 0.43 0.24

14d, 6 Gy 190.68+30.51 401.85+40.62 0.0438+0.009 0.0316+0.001
Curcuma, 14d, 6 Gy 79.91+18.37 476.67+48.07 0.0278+0.008 0.0256+0.01
P-value 0.16 0.17 0.13 0.49

Note: Independent sample T-test, significant if P-value<0.05

concentrations of MDA indicate an oxidation process in
the cell membrane. In order to protect against ROS attacks,
the human body has an organized antioxidant system, both
enzymatic antioxidants and non-enzymatic antioxidants,
which work synergistically (Kurutas, 2016; Aranda-
Rivera et al., 2020). Antioxidants protect body cells
against oxidative damage and can prevent the production
of oxidative products. Imbalance between oxidants and
antioxidants, i.e. if ROS production exceeds antioxidant
capacity, it has the potential to cause damage, which is
called oxidative stress (Pizzino et al., 2017).
Antioxidant compounds derived from natural
materials, such as Curcuma (Temulawak), are considered
a promising alternative to synthetic radiomitigators
because they can eliminate free radicals generated by
the interaction of radiation with water molecules in cells
(Parcheta et al., 2021). In addition, some cytokines such
as tumor necrosis factor alpha (TNF-a), interleukin-
1B (IL-1PB), interleukin-6 (IL-6), interleukin-8 (IL-8),
interleukin-17 (IL-17), and interferon-y (INF-y) also play
important roles during the stages of the inflammatory
cascade in cells (Megha et al., 2021). The results of this
study indicated that there was no effect of giving Curcuma
xanthorriza Xorb extract on decreasing the concentration
of cytokines IL-6 and INF-y, although the measurement
results showed a decreased trend compared to the control

and 6 Gy radiation treatment. This seems to be different
from several previous studies which reported that the
secondary metabolites contained in curcumin were able to
inhibit the inflammatory process (Zhang et al., 2015; Dai
et al., 2018; Zhang et al., 2019). Nevertheless, Curcumin
has good potential as a radiomitigator agent because of
its flavonoid content to reduce free radical levels caused
by lipid peroxidation (Hall et al., 2016).

This study also examined the effects of radiation
and administration of Curcumin on the level of lipid
peroxidation, through the formation of MDA. The results
showed that irradiation at a dose of 6 Gy increased
MDA concentrations significantly by 5.5 times in the
liver and 2.3 times in the spleen compared to controls.
A previous study by Okassova et al (2022) reported
that gamma radiation could significantly increase MDA
levels in the liver by 1.76 times and spleen by 1.4 times
in animals exposed to gamma radiation. Concentration
of MDA in plasma is an important biomarker in radiation
exposure to assess oxidative stress and its impact on
lipid peroxidation levels (Maurya et al., 2021). In other
study, it was found that the DNA damage response was
strongly associated with age and time of exposure with a
decrease of 0.6 percent (P-value: 0.008) and 0.58 percent
(P-value<0.05), respectively. Whereas gender, smoking
habit, and equivalent dose were not correlated with DNA
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damage (Surniyantoro et al., 2022). In addition, radiation
exposure also had a significant effect on decreasing red
blood cells (RBCs) levels by 0.541 x 106/uL per 1 mSv
increase in radiation dose (Surniyantoro et al., 2019).
The equivalent dose correlated significantly with an
increase in micronuclei frequency (MN) of 16.3 per 1 mSv
equivalent dose (P=0.001). In addition, the frequency of
MN is closely related to age, equivalent dose, and time
of exposure (Surniyantoro et al., 2018).

The study we have conducted reveal that exposure
to ionizing radiation can increase MDA concentrations
and as a result is a condition of oxidative stress that
appears as a form of imbalance between free radicals and
antioxidants in the body. The administration of Curcuma
xanthorriza Xorb extract did not show a significant effect
on reducing the MDA concentrations, although the value
of MDA concentrations showed a decrease in the group
that was given the extract compared to the group of mice
that were not given Curcuma extract. However, when
compared with Captopril as a standard drug, which also
did not show a significant effect, the Curcuma extract
was predicted to have the better ability to reduce lipid
peroxidation levels. This is supported by the lower MDA
concentration after administration of the Curcuma extract
compared to Captopril.

In conclusion, we reported that administration of
Curcuma xanthorriza Xorb extract was able to reduce
MDA concentrations in both liver and spleen although
not statistically significant. In addition, we also found
that exposure to ionizing radiation at a dose of 6 Gy
significantly increased lipid peroxidation in the liver and
spleen by 5.5 times and 2.3 times, respectively.
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