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Introduction
Air pollution significantly increases morbidity and 
mortality due to endothelial dysfunction, but the 
mechanism of this process is unclear. Particulate matter 
(PM) is one of the important components in air pollution 
that can cause endothelial vascular dysfunction through 
exacerbation of atherosclerosis and inflammation 
of the respiratory system. The evidence shows that 
air pollution contributes to the incidence of acute 
cardiovascular disease that begins with the occurrence 
of vascular endothelial dysfunction through various 
pathways, including systemic inflammation, activity 

of homeostatic pathways, accelerated atherosclerosis, 
plaque instability, changes in autonomic control, 
and cardiac arrhythmias and direct inhalation, 
causes vasoconstriction, hypertension, and platelet 
aggregation. The Global Burden Disease reports that 
air pollution caused by PM causes 4.2 million deaths 
due to cardiovascular disease during the last 5 years 
with 33% resulting in ischemic vascular dysfunction. 
Zhang et al. (2018) reported exposure to particulates 
at risk for pregnant women and children, especially in 
third-trimester pregnant women and children aged 3–9 
years. Halonen et al. (2009) in Simoni et al. (2015) also 
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Abstract
Background: Particulate matter (PM) is one of the important components in air pollution that can cause endothelial 
vascular dysfunction through exacerbation of atherosclerosis and inflammation of the respiratory system. Increased 
levels of malondialdehyde (MDA) in blood plasma can be an indicator of oxidative stress. Then, macrophages 
can secrete proinflammatory cytokines that will stimulate immune cells and vascular endothelial cells to release 
inflammatory cytokines, such as interleukin-6 (IL-6) and tumor necrotic factor-α (TNF-α). Curcuma longa works by 
scavenging the active free radicals involved in the peroxidation process. 
Aims: This study aims to prove that the administration of C. longa can reduce MDA, TNF-α, and IL-6 levels in Rattus 
norvegicus exposed to soot particulates.
Methods: The subjects of this study were 30 male rats which were divided into 5 treatment groups with the following: 
(C0): negative control; (C+): positive control; (T1): Treatment group 2, rats exposed to particulate soot at a concentration 
of 1,064 mg/m3 for 8 hours and given C. longa at a dose of 1 mg/kg bw; (T2): Treatment group 3 was rats exposed 
to soot particulates at a concentration of 1,064 mg/m3 for 8 hours and given C. longa at a dose of 2 mg/kg bw; (T3): 
Treatment group 4 was rats exposed to soot particulates at a concentration of 1,064 mg/m3 for 8 hours and given C. 
longa at a dose of 3 mg/kg bw.
Giving the C. longa extract orally with a probe every day for 30 days after treatment of exposure to soot. Examination 
of MDA, TNF-, and IL-6 levels with the ELISA method.
Results: The administration of C. longa can reduce MDA while the lowest MDA levels were obtained in the T3 
treatment with an average of 1.542 ± 0.231. The results of the description of the lowest levels of TNF-α were obtained 
in the C-treatment with an average of 55.981 ± 4.689. Then, the lowest levels of IL-6 were obtained in the C-treatment 
with an average of 2.292 ± 0.461.
Conclusion: The results stated that the administration of C. longa could reduce MDA levels, TNF-α, and IL-6 levels. 
Curcuma longa as an anti-inflammatory and anti-oxidant play an effective role in inhibiting inflammation by decreasing 
IL-6 cytokine and TNF-α. Curcuma longa can inhibit lipid peroxidation initiated by free radicals and then reduce MDA 
levels.
Keywords: Curcuma longa, Health care, IL-6-MDA, Soot, TNF-α.
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reported that parents >65 years of age are at risk for 
pneumonia and asthma/chronic obstructive pulmonary 
disease (COPD). Romieu et al. (2012) also reported 
that parents aged >65 years had a risk of mortality due 
to particulate exposure greater than 0.16% compared 
to normal mortality (Simoni et al., 2015; Finch and 
Conklin, 2016; Munzel et al., 2018).
PM can cause oxidative stress through the direct 
formation of reactive oxygen species (ROS) through 
the physico-chemical properties of the surface of the 
particulate material. One mechanism that is thought to 
play a role is the occurrence of oxidative stress which 
will then increase ROS in the body, namely hydrogen 
peroxide (H2O2), and hydroxyl radicals (–OH). Free 
radicals, especially hydroxyl radicals (–OH), can cause 
cell damage through the so-called lipid peroxidation 
with the final result in the form of compounds that are 
damaging to cells, one of which is malondialdehyde 
(MDA). Increased levels of MDA in blood plasma can 
be an indicator of oxidative stress. This oxidative stress 
then induces cell degeneration and causes endothelial 
cell dysfunction (Lin et al., 2015; Kozlov et al., 2016). 
When soot particulates enter the body, the body 
will carry out a defense mechanism in the form of 
increased production of proinflammatory cytokines 
by inflammatory cells, especially macrophages. 
Macrophages can secrete proinflammatory cytokines. 
These cytokines activate nuclear factor kappa B (NF-
кB) in cells that respond to inflammation. Activation 
of NF-кB will trigger the release of proinflammatory 
cytokines, such as interleukin-1 (IL-1), interleukin-6 
(IL-6), and tumor necrotic factor-α (TNF-α) (Erta 
et al., 2012; Salomon et al., 2018; Lewis and Elks, 
2019; Nabarawy et al., 2019; Silva et al., 2019). These 
cytokines will stimulate immune cells and vascular 
endothelial cells to release inflammatory cytokines. 
Excessive production of inflammatory cytokines and 
ROS will result in tissue damage, this situation can lead 
to impaired vascular cell dysfunction.
Curcuma longa or turmeric (turmeric) is a plant that is 
a genus of the family Zingiberaceae. Curcuma longa, 
also known as turmeric, is one of the native herbs/
spice plants from Southeast Asia, spread from India, 
Malaysia, and Indonesia. Many studies report the 
polyphenol content of curcumin in C. longa and its 
pharmacological effects, including as an antioxidant, 
anti-inflammatory, anti-microbial, and anti-cancer 
alternative (Raju et al., 2006; Sadeghi et al., 2018; 
Song et al., 2019).
The antioxidants contained in C. longa have phenol 
and diketone groups. Several studies have shown 
that C. longa has the ability to protect biomembranes 
against peroxidative damage. Curcuma longa works 
by scavenging the active free radicals involved in the 
peroxidation process (Sarvalkar et al., 2011). Curcuma 
longa or curcumin can reduce MDA levels by donating 
a hydrogen atom (H) from the phenolic hydroxyl 
(OH) group when reacting with free radicals. This 

reaction will produce a phenoxy curcumin radical or 
flavonoid which is less reactive because the curcumin 
phenoxyl radical can undergo a resonance structure 
change by redistributing unpaired electrons in the 
conjugated double bond structure in the aromatic ring. 
The curcumin or flavonoid phenoxyl radicals will react 
further to form unreactive compounds, possibly through 
termination reactions. Curcuma longa's natural anti-
inflammatory activity is comparable to that of steroidal 
drugs and non-steroidal drugs such as indomethacin and 
phenylbutazone, which have dangerous side effects. 
The anti-inflammatory properties of curcumin appear 
to be mediated by inhibition of the induction of COX-2, 
Lectin-like oxidized low-density lipoprotein receptor-1 
(LOX-1), inducible nitric oxide synthase (iNOS), and 
the production of cytokines such as IFN-γ and TNF and 
the activation of transcription factors such as NF-κB, 
and activator protein (AP-1). Several other studies also 
reported the role of C. longa in effectively inhibiting 
inflammation by decreasing the cytokines IL-1β and 
IL-6 in cases of psoriasis-like inflammation given 
imiquimod (Darwadi et al., 2013; Jun et al., 2013; 
Shakeri et al., 2017; Pourbagher-Shahri et al., 2021).
This study aims to prove that the administration of C. 
longa can reduce MDA, TNF-α, and IL-6 levels in 
Rattus norvegicus exposed to soot particulates. Based 
on these facts, researchers are encouraged to conduct 
further studies on the mechanism of the effect of 
exposure to particulate air pollutants, especially soot 
on vascular dysfunction and the effect of C. longa as 
an anti-inflammatory and anti-oxidant using laboratory 
experimental methods and rats as experimental animals.

Materials and Methods
The subjects of this study were male white rats (R. 
norvegicus) in laboratory animal units. The criteria for 
the research subjects used were healthy male white rats, 
aged 5 months with body weight ranging from 170 to 
200 grams with the characteristics of fine fur, shining 
eyes, no defects, no scars, and had never been used for 
other studies. The subjects of this study were 30 male 
rats which were divided into 5 treatment groups with 
the following details:

C- : �The group was rats that were not exposed to 
particulate soot and not treated with C. longa as a 
negative control.

C+ : �Treatment group + is rats exposed to soot 
particulates at a concentration of 1,064 mg/m3 for 
8 hours as a positive control (Ramírez-Tortosa 
et al., 1999; Quiles et al., 2002; Aulia, 2017; 
Hendrawan et al., 2018; Juliprihanto et al., 2019).

T1 : �Treatment group 1, namely rats exposed to 
particulate soot at a concentration of 1,064 mg/
m3 for 8 hours and given C. longa at a dose of 1 
mg/kg bw (Ramírez-Tortosa et al., 1999; Quiles 
et al., 2002; Aulia, 2017; Hendrawan et al., 2018; 
Juliprihanto et al., 2019).
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T2 : �Treatment group 2 was rats exposed to soot 
particulates at a concentration of 1,064 mg/m3 for 
8 hours and given C. longa at a dose of 2 mg/kg bw 
(Ramírez-Tortosa et al., 1999; Quiles et al., 2002; 
Aulia, 2017; Hendrawan et al., 2018; Juliprihanto 
et al., 2019).

T3 : �Treatment group 3 was rats exposed to soot 
particulates at a concentration of 1,064 mg/m3 for 
8 hours and given C. longa at a dose of 3 mg/kg bw 
(Ramírez-Tortosa et al., 1999; Quiles et al., 2002; 
Aulia, 2017; Hendrawan et al., 2018; Juliprihanto 
et al., 2019).

The dose of exposure to soot particulates comes from 
the effective dose according to previous research 
reports, namely a concentration of 1,064 mg/m3 for 
8 hours (Hougaard et al., 2008; Dachlan et al., 2011; 
Hendrawan et al., 2018; Juliprihanto et al., 2019). 
While the oral dose of C. longa is the effective dose 
in experimental rabbits that have been converted to 
rats at 1, 2, and 3 mg/kg bw (Ramírez-Tortosa et al., 
1999; Quiles et al., 2002; Aulia, 2017). The variables 
measured were MDA levels, TNF-α expression, and 
IL-6 levels with the ELISA method.
The size of the exposure box is determined based on 
the calculation of the rat's need for oxygen 2.68 ml/g/
hour, the weight of the rat is 150 g, the number of rats 
in one box is six, the duration of exposure is 8 hours, 
and the percentage of oxygen in the air is 21%. Then 
the minimum box volume needed is:

2.68 × 200 × 6 × 8= 122,514 ml ~ 0.122 m3

	 21%

Minimum exposure box size is: ~ 0.5 m × 0.5 m × 0.5 m
(length × width × height)/6 mice

Procedure for administration of powdered soot 
particulate exposure
Experimental animals of all groups were placed in 
rearing cages until treatment started. Prior to the 
experiment, acclimatization was carried out in the 
exposure box. Experimental animals in groups T1, T2, 
and T3 were treated with exposure to particulate soot at 
a concentration of 1,064 mg/m3 for 8 hours every day in 
an exposure box for treatment for 30 days. Experimental 
animals in group C− (negative control) remained in the 
maintenance cage because they were not given any 
treatment (Hougaard et al., 2008; Dachlan et al., 2011; 
Hendrawan et al., 2018; Juliprihanto et al., 2019).
The particulate soot powder (carbon, mesoporous 
< 100 µm) that will be used for exposure before the 
treatment begins has been prepared in advance by being 
calculated and weighed on a micro scale, the dosage 
needs according to the area per cage exposure per day 
until a concentration of 1,064 mg/m3 is reached.
After the experimental animals were placed in each 
exposure box per group, the particulate soot powder 
used as the exposure was sprayed in the exposure box 

air through a pipe that was blown by a fan continuously 
for 8 hours. During the treatment, the air temperature, 
the flow velocity of 5–7.5 km/hour (breeze), and local 
humidity with a pressure of one atmosphere were 
monitored by inhalation. During the exposure in the 
box, the experimental animals were still given food 
and drinking water ad libitum. After the treatment was 
completed for 8 hours, the experimental animals were 
returned to the rearing cage according to their group.
Procedure for administration of C. longa extract
Curcuma longa extracts are given in the form of C. 
longa extract powder [Curcumin, (C. longa) Turmeric, 
C1385-Sigma-Aldrich]. Curcuma longa extract 
solution was made per treatment group. Group T1 
was given extract at a dose of 1 mg/kg bw per animal, 
group T2 was given extract at a dose of 2 mg/kg bw 
per animal, and group T3 was given extract at a dose 
of 3 mg/kg bw per animal. The extract was given orally 
with a probe every day for 30 days after treatment of 
exposure to soot (Ramírez-Tortosa et al., 1999; Quiles 
et al., 2002; Aulia, 2017).
Examination of MDA, TNF-α, and IL-6 levels  
with the ELISA method
Measurement of MDA, TNF-α, and IL-6 levels was 
carried out with thiobarbituric acid (TBA) and read 
with a spectrophotometric device to determine the 
amount of MDA compound produced from the lipid 
peroxidation process and inflammation level. This 
examination used the MDA ELISA Kit (MDA Assay 
Kit competitive ELISA, Abcam- ab238537), TNF-α 
ELISA Kit (Rat Tumor Necrosis Factor Alpha ELISA 
Kit, Cat. No. E0764Ra, Bioassay Technology Lab.), 
IL-6 ELISA Kit (Rat Interleukin 6 ELISA Kit, Cat. No. 
E0135Ra, Bioassay Technology Lab.), and read using 
the ELISA Reader at a wavelength of 450 nm. Blood 
serum was added with 9 ml of cold phosphate-buffered 
saline (PBS) solution. Then centrifuged for 15 minutes 
at 3,000 rpm. About 4 ml of supernatant was taken and 
dissolved in 1 ml of 15% trichloroacetic acid (TCA) 
solution and 1 ml of 0.3% TBA solution was added in 
0.25 N HCl.
This mixture was then heated in an 800°C water bath 
for 15 minutes, then cooled at room temperature, and 
centrifuged at 3,000 rpm for 15 minutes. The absorbance 
of the supernatant was observed by spectrophotometry 
at a wavelength of 450 nm.
Data analysis
The measurement data obtained from the levels of 
MDA, TNF-α, and IL-6, were compiled and tabulated 
in the form of distribution and frequency tables for each 
variable.
Data were analyzed using one-way analysis of variance 
(ANOVA) analysis. The analysis was carried out with 
the assumption that the tested population was normally 
distributed and homogeneous, and that the samples were 
not related to each other. If the data are not normally 
distributed, the arc sin transformation will be carried 
out. If there are differences between treatments, further 
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tests are carried out using the Tukey test. To determine 
the relationship between the research parameters, path 
analysis is carried out.
Ethical approval
This research has conducted an ethical feasibility test 
at the Faculty of Veterinary Medicine, Universitas 
Airlangga, and has received an ethics certificate no 
3.KE.043.03.2021.

Results
The study was conducted by measuring three parameters, 
namely MDA levels, TNF-α levels, and IL-6 levels. In 
this study, there were five treatment groups used with 
each treatment consisting of six replications, namely 
treatment C− (negative control), treatment C+ (positive 
control), treatment T1 (treatment 1), treatment T2 
(treatment 2), and T3 (treatment 3).
The analysis was carried out using the normality 
test and the homogeneity of variance test first, then 
continued with the ANOVA test and the correlation test. 
The normality test was conducted first to determine the 
distribution of the data to be tested. A normality test was 
carried out using the Shapiro–Wilk test on each variable 
in each treatment group. If the obtained significance 
value or p-value is more than 0.05 in each group, it 
indicates the data distribution is normal, whereas if 
the obtained significance value or p-value is less than 
0.05, it indicates the data distribution is not normal. 
A homogeneity of variance test was conducted to 
determine the similarity of variance between treatment 
groups. The homogeneity of variance test was carried 
out using Levene's test on each variable.
The normality test and the homogeneity of variance 
test are requirements for using the ANOVA test which 
aims to test whether there are differences in the various 
treatment groups. If a significance value or p-value is 
less than 0.05, it indicates a significant difference, so it 
can be continued using the least significant difference 
(LSD) test if the homogeneity test of variance is met 
and the Dunnett T3 test if the homogeneity test of 
variance is not met to test the differences between each 
treatment group.
Effect of treatment on MDA levels
The results of the normality test showed that the 
significance value of each treatment was more than 
0.05 (sig. > 0.05), so it could be stated that each 
treatment had data that were normally distributed. The 
results of the homogeneity of variance test showed a 
significance value of more than 0.05 (sig. > 0.05), so 
it could be stated that the variance between treatments 
was homogeneous.
ANOVA test results obtained a calculated F value of 
10.062 with a significance value (p-value) of 0.000. For 
comparison, the F table value is 2.759 at db1 = 4, db2 
= 25, and 5% alpha. These results show the calculated 
F value is more than the F table value (F hit > F table) 
and the significance value is less than 0.05 (p < 0.05), 
so that it is stated that there are significant differences 

between the five treatment groups on MDA levels 
(Table 1).
The results of the description of the highest MDA levels 
were obtained in the C+ treatment with an average 
of 1.660 ± 0.073, while the lowest MDA levels were 
obtained in the T3 treatment with an average of 1.542 
± 0.231 (Table 1). The results of the hypothesis test 
which stated that the administration of C. longa could 
reduce MDA levels showed that the hypothesis was 
proven correct.
Effect of treatment on TNF-α levels
The results of the normality test showed that the 
significance value of each treatment was more than 
0.05 (sig. > 0.05), so it could be stated that each 
treatment had data that were normally distributed. The 
results of the homogeneity of variance test showed a 
significance value of more than 0.05 (sig. > 0.05), so 
it could be stated that the variance between treatments 
was homogeneous.
The results of the ANOVA test obtained a calculated 
F value of 6.585 with a significance value (p-value) of 
0.001. For comparison, the F table value is 2.759 at db1 
= 4, db2 = 25, and 5% alpha. These results show the 
calculated F value is more than the F table value (F hit 
> F table) and the significance value is less than 0.05 
(p < 0.05), so that it is stated that there are significant 
differences between the five treatment groups on TNF-α 
levels (Table 2).
The results of the description of the highest levels 
of TNF-α were obtained in the C+ treatment with an 
average of 66.191  ±  5.097, while the lowest levels 
of TNF-α were obtained in the C-treatment with an 
average of 55.981 ± 4.689 (Table 2). The results of the 
hypothesis test which stated that the administration of 
C. longa could reduce TNF-α levels showed that the 
hypothesis was proven correct.
Effect of treatment on IL-6 levels
The results of the normality test showed that the 
significance value of each treatment was more than 
0.05 (sig. > 0.05), so it could be stated that each 
treatment had data that were normally distributed. The 
results of the homogeneity of variance test showed a 
significance value of more than 0.05 (sig. > 0.05), so 
it could be stated that the variance between treatments 
was homogeneous.
ANOVA test results obtained a calculated F value of 
3.637 with a significance value (p-value) of 0.018. For 
comparison, the F table value is 2.759 at db1 = 4, db2 
= 25, and 5% alpha. These results show the calculated 
F value is more than the F table value (F hit > F table) 
and the significance value is less than 0.05 (p < 0.05), 
so that it is stated that there are significant differences 
between the five treatment groups on IL-6 levels  
(Table 3).
The results of the description of the highest levels of 
IL-6 were obtained in the C+ treatment with an average 
of 2.929  ±  0.248, while the lowest levels of IL-6 
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were obtained in the C-treatment with an average of 
2.292 ± 0.461 (Table 3). The results of the hypothesis 
test which stated that the administration of C. longa 
could reduce IL-6 levels showed that the hypothesis 
was proven correct.

Discussion
Exposure to soot can increase MDA levels. The highest 
MDA levels were obtained in the C+ treatment with 
an average of 1.660 ± 0.073. The administration of 
curcumin can reduce MDA levels due to exposure 
to soot in the treatment group. The administration of 
curcumin reduced the lowest MDA levels obtained 
in the T3 treatment with an average of 1.542 ± 0.231 

(p  <  0.05). Damage is caused by soot particulates 
through various biological mechanisms, including 
inflammation, endotoxin effects, autonomic activity, 
pro-coagulant effects, and ROS production, which 
causes oxidative stress (Li et al., 2008).
Exposure to soot particulates has a significant risk to 
the cardiovascular system (De Prins, 2014). Inhalation 
of soot particulates that penetrate into the alveolar 
epithelium, can increase the inflammatory response by 
increasing oxidative stress. In addition, there is also an 
increase in protein and fat oxidation (Franklin et al., 
2007). One of the mechanisms thought to play a role 
is the occurrence of oxidative stress, which in turn 

Table 1. Results of data analysis on MDA levels.

Treatment N Sig. SW M ± SD
Sig. LSD test

C− C+ T1 T2 T3
C− 6 0.395 1.177 ± 0.157 - 0.000 0.000 0.000 0.000
C+ 6 0.859 1.660 ± 0.073 0.000 - 0.589 0.310 0.184
T1 6 0.310 1.613 ± 0.091 0.000 0.589 - 0.629 0.420
T2 6 0.481 1.571 ± 0.138 0.000 0.310 0.629 - 0.743
T3 6 0.629 1.542 ± 0.231 0.000 0.184 0.420 0.743 -

Sig. Levene 0.176

(C0): Negative control; (C+): positive control; (T1): rats exposed to particulate soot at a concentration of 1,064 mg/m3 for 8 hours 
and given C. longa at a dose of 1 mg/kg bw; (T2): 2 mg/kg bw; (T3): 3 mg/kg bw. 

Table 2. Results of data analysis on TNF-α levels.

Treatment N Sig. SW M ± SD
Sig. LSD test

C- C+ T1 T2 T3
C− 6 0.079 55.981 ± 4.689 - 0.000 0.001 0.012 0.084
C+ 6 0.355 66.191±5.097 0.000 - 0.550 0.074 0.010
T1 6 0.833 64.836 ± 3.043 0.001 0.550 - 0.220 0.040
T2 6 0.348 62.027 ± 2.763 0.012 0.074 0.220 - 0.371
T3 6 0.551 59.994 ± 3.151 0.084 0.010 0.040 0.371 -

Sig. Levene 0.178

(C0): Negative control; (C+): positive control; (T1): rats exposed to particulate soot at a concentration of 1,064 mg/m3 for 8 hours 
and given C. longa at a dose of 1 mg/kg bw; (T2): 2 mg/kg bw; (T3): 3 mg/kg bw.

Table 3. Results of data analysis on IL-6 levels.

Treatment N Sig. SW M ± SD
Sig. LSD test

C- C+ T1 T2 T3
C− 6 0.307 2.292±0.461 - 0.001 0.019 0.113 0.167
C+ 6 0.201 2.929 ± 0.248 0.001 - 0.263 0.057 0.036
T1 6 0.283 2.728 ± 0.329 0.019 0.263 - 0.402 0.293
T2 6 0.145 2.579 ± 0.222 0.113 0.057 0.402 - 0.828
T3 6 0.565 2.541 ± 0.166 0.167 0.036 0.293 0.828 -

Sig. Levene 0.648

(C0): Negative control; (C+): positive control; (T1): rats exposed to particulate soot at a concentration of 1,064 mg/m3 for 8 hours 
and given C. longa at a dose of 1 mg/kg bw; (T2): 2 mg/kg bw; (T3): 3 mg/kg bw.
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will increase the amount of ROS in the body, namely 
hydrogen peroxide (H2O2) and hydroxyl radicals (−OH) 
(De Prins, 2014).
MDA is a compound formed due to oxidative stress. 
MDA is a metabolite compound resulting from lipid 
peroxidation caused by ROS, where MDA can describe 
free radical activity in cells, so that it is used as a 
marker of oxidative stress. Increased levels of MDA in 
blood plasma, can be used as an indicator of oxidative 
stress that occurs due to increased levels of blood soot 
particulates. This oxidative stress then induces changes 
in vascular dysfunction (Kozlov et al., 2016).
Increased levels of free radicals in the body due to 
exposure to soot will cause a decrease in plasma MDA. 
According to Alaiya et al. (2015), a decrease in MDA 
levels will trigger an increase in superoxide dismutase 
as opposed to a decrease in MDA levels in the body. 
Therefore, the body needs natural antioxidants that 
are able to capture free radicals stably and are able 
to reduce their negative effects. MDA is one of the 
most frequently used indicators as an indication of fat 
peroxidation.
C. longa has the ability to protect the biomembrane 
against peroxidative damage. Lipid peroxidation is 
a chain reaction mediated by free radicals, which 
causes cell membrane damage, and C. longa works 
by scavenging active free radicals involved in the 
peroxidation process (Sarvalkar et al., 2011).
A study that intends to test C. longa in a rat model of 
asthma, showed that this substance can reduce MDA 
levels significantly. MDA level is an indicator of lipid 
peroxidation. Administration of C. longa or curcumin 
therapy can reduce MDA levels, namely by means 
of curcumin donating a hydrogen atom (H) from the 
phenolic hydroxyl (OH) group when reacting with 
free radicals. This reaction will produce a phenoxy 
curcumin radical or a less reactive flavonoid because 
the curcumin phenoxyl radical can undergo a resonance 
structure change by redistributing unpaired electrons in 
the conjugated double bond structure in the aromatic 
ring. The curcumin or flavonoid radicals will react 
further to form unreactive compounds, possibly via a 
termination reaction. Through this reaction, curcumin 
can inhibit lipid peroxidation initiated by free radicals 
(Lee et al., 2010). The decrease in MDA levels shows 
the benefits of C. longa as an anti-oxidant. Oxidative 
stress is usually always associated with an increase in 
MDA and protein carbohydrates (Shakeri et al., 2017).
Exposure to soot increased TNF-α levels and the highest 
TNF-α levels in the K+ treatment with an average 
of 66.191  ±  5.097 (p  <  0.05). The administration of 
curcumin was able to reduce the TNF-α inflammatory 
factor. In the treatment group with 3 mg/kg bw of 
curcumin, TNF-α expression decreased the lowest 
compared to the other two treatment groups. Exposure 
to soot particulates causes Inflammatory processes due 
to exposure to particulate soot can increase free radicals. 

Endotoxins present in soot particulates stimulate the 
production of proinflammatory cytokines (Pekkanen et 
al., 2002; Lee, 2009).
Oxidative stress causes the activation of inflammatory 
signaling pathways, such as NF-κB, which is 
a transcription factor of mediators such as the 
proinflammatory cytokine IL-1, TNF-α, and IL-6 
(Donaldson, 2003).
The soot particulates can translocate into the blood 
vessels. When soot particulates enter the body, the 
body will carry out a defense mechanism in the form 
of increased production of proinflammatory cytokines 
by inflammatory cells, especially macrophages. 
Macrophages can secrete proinflammatory cytokines 
such as IL-1, IL-6, IL-8, and TNF-α (Tang et al., 2020).
In cells affected by exposure to particulate soot, the 
appropriate receptor for TNF-α is TNF-R1, and for IL-1 
is IL-1R, the receptor will cause apoptosis extrinsically 
(death receptor-initiated). Increased production of 
TNF-α due to the stimulation of soot particulates 
indicates that this substance is consistently responsible 
for the release of inflammatory mediators (Pozzi et al., 
2003; Tang et al., 2020).
Exposure to soot particulates increased IL-6 levels and 
the highest was in the C+ treatment with an average 
of 2.929 ± 0.248 (p < 0.05). The administration of 
curcumin was able to reduce IL-6 levels and the lowest 
was T3 treatment with a dose of curcumin 3 mg/kg 
bw. The soot particulates that caused cardiovascular 
disturbances can either be through direct effects on the 
cardiovascular system or indirectly through pulmonary 
oxidative stress and inflammatory responses. IL-6 is 
a B cell differentiation factor cytokine (BSF2) that 
functions in B cell maturation. IL-6 is a mediator 
of acute inflammatory processes and an important 
regulator of cell immune responses. The role of 
mediator or regulator of the IL-6 inflammatory 
system is very potential because it can inhibit or 
cause inflammatory reactions. The mechanism of this 
IL-6 cytokine extracellularly is through a membrane 
receptor consisting of two subunits, namely the gp130 
subunit and the IL-6 receptor (IL-6R) (Nazariah et al., 
2013).
In the process of exposure to soot, increased oxidative 
stress reactions in cells will induce signals and will be 
captured by IL-6Rs. Activation of these receptors, such 
as Toll-like receptors, which respond to PM exposure 
produces cytokines and chemokines that react to 
cellular homeostatic and immune processes at the 
site of injury. Exposure to particulate soot caused the 
oxidant chain to increase, not only from the increasing 
number of oxygen atoms but also the percentage 
of –COOH, C=O, and CO groups. The collection of 
these oxidant groups in the lungs then stimulates the 
release of macrophages and leukocytes. Systemically, 
proinflammatory cytokines such as IL-6, TNF-α, and 
IL-1βare produced by macrophages and leukocytes. 
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Increased IL-6 will stimulate inflammatory responses 
such as an increase in leukocytes and platelets, the 
production of fibrinogen by the liver, and the synthesis 
of adhesion molecules, such as intercellular adhesion 
molecule-1 (ICAM-1), vascular cell adhesion molecule 
(VCAM), and E-selectin (Tsai et al., 2012; Pope et al., 
2016).
In the study of Totlandsdal et al. (2010), a concentration 
of 100 g/ml carbon exposure increased mRNA and 
protein expression of IL-1β and IL-6 in primary lung 
epithelial cells. Al Housseiny et al. (2020) also said 
that IL-6 expression was increased in the bronchial tree 
during PM exposure (Totlandsdal et al., 2010).
Curcuma longa was significantly effective on the 
expression at the protein and gene levels of the IL-6 
cytokine. Curcumin is able to influence the signaling 
interference mechanism that mediates the expression of 
the IL-6 gene in vascular muscle cells. The decrease in 
IL-6 expression was also in line with standard resveratrol 
levels. In addition, it was also reported that curcumin at 
concentrations of 5, 10, and 15 M was known. Several 
other studies also reported the role of C. longa on IL-6 
cytokines. Curcuma longa has been reported to play an 
effective role in inhibiting inflammation by decreasing 
IL-1β and IL-6 cytokines in psoriasis-like inflammation 
cases treated with imiquimod (Jun et al., 2013).
Gulcubuk et al. (2013) reported that in mice induced 
by pancreatitis, curcumin (C. longa) has the potential 
to reduce inflammation by decreasing the activation of 
NF-κB and AP-1 which also inhibits mRNA induction 
of iNOS, TNF-α, and IL. -6 in the pancreas. In a study in 
aortic tissue, Parody et al. (2006) showed that C. longa 
relative decreased the activation of DNA binding of 
AP-1 and NF-кB proteins and decreased concentrations 
of cytokines IL-1β, IL-6, MCP-1, and MMP- 9. In 
line with this study, Lee et al. (2014) reported in vitro 
study that curcumin compounds, namely curcumin-like 
diarylpentanoid [2,6-bis(2,5-dimethoxybenzylidene) 
cyclohexanone], were molecular targets in rheumatoid 
arthritis cases of nuclear translocation. p65 NF-κB is 
able to bind to NF-κB fibroblast synovial DNA through 
inhibition of cyclooxygenase-2 (COX-2), IL-6.

Conclusion
The results stated that the administration of C. longa 
could reduce MDA levels, TNF-α, and IL-6 levels. 
Curcuma longa as an anti-inflammatory and anti-
oxidant play an effective role in inhibiting inflammation 
by decreasing IL-6 cytokine and TNF-α. Curcuma 
longa can inhibit lipid peroxidation initiated by free 
radicals and then reduce MDA levels.
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