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INTRODUCTION
Nowadays, it is almost impossible to avoid 

toxic exposure in our environment. A large 
number of people are injured or die each year 
as a result of exposure to both manufactured 
chemicals and natural toxins.1 Polycyclic aromatic 
hydrocarbons (PAH) are a major compound 
that easily found in the environment.2 Chronic 
exposure to 7,12-dimethylbenz[a]anthracene 
(DMBA) generated during the combustion of 
organic matter, including cigarette smoke, can 
cause degenerative illness to death.3 A mixture of 
chemical toxins can damage the DNA, which is 
leading to various diseases, including cancer.4,5 The 
human body can fight that toxic exposure through 
the immune system, but if we exposed for a long 
time, it could be harmful. That is why we needed 
to find a supplement that can work as an immune 
stimulation to maintain a homeostatic of the 
immune system.

Natural plant extracts have been used for 
thousand years by many cultures and civilizations 
as a basis for treating various types of diseases. 
More than 80% of the global population is currently 
dependent on natural plant extracts through 
traditional therapies. Researchers actively focus 
on research related to the development, treatment, 
and prevention of cancer with natural compounds.6 
Morinda citrifolia is a fruit that easily found in a 
tropical country.7 Morinda citrifolia or known as 

noni fruits contain multiple beneficial nutrients for 
human beings because the abundant of flavonoid 
and other compounds as secondary metabolites.8,9 
Flavonoid is an antioxidant that has been reportedly 
showed anticancer activity as a chemopreventive and 
angiogenesis agent.9-11 

Morinda citrifolia has more than 160 identified 
chemical compounds; the main components are 
terpene compounds, anthraquinones, morindone, 
morindin, asperuloside, acubin, caproic acid, caprylic 
acid, damnacanthal, scopoletin, polysaccharide, 
and alkaloids.12 Experimental studies show that 
phytochemical substances with anti-oxidative and 
anti-inflammatory properties in noni fruits inhibit 
cancer formation and development.13

Despite a vital role of noni fruits for therapeutics 
properties, the research about the effect of noni 
juice in the stimulating immune system and prevent 
inflammation caused by toxin exposure is limited. 
Thus, this study aimed to investigate the effect of 
noni fruits in modulating the immune system by 
observing the profile of IL-10, IL-6, and NK cells in 
the Balb/c mice DMDA-cigarette exposure. 

MATERIAL AND METHODS

Animal care 
Five weeks old male BALB/c mice were 

maintained in a pathogen-free chamber for 
acclimation. Experimental mice were divided into 
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5 groups (n=5). All animal experiment in this study was approved by 
Brawijaya University Ethics Committee No 779-KEP-UB 2019. 

Experimental design
Five-weeks-old male mice were treated with DMBA (Tokyo 

Chemical Industry Co. Ltd.) with corn oil as a solvent for twelve 
times administration in a six weeks. After that, the treatment group 
was exposure with cigarettes smoke for 3 days before orally treated 
with Noni fruits extract every day for 2 weeks. Mice were divided into 
five treatment groups: Normal control (N), DMBA+ Cigarette smoke 
injected mice (DMBA+CS), DMBA+ CS injected mice treated with 
Cisplatin 0.2 mg/kg BW (Cisplatin), and DMBA+ CS injected mice 
treated with noni fruits 30 mg/kg BW (D1), DMBA+ CS injected mice 
treated with noni fruits 90 mg/kg BW (D2), DMBA+ CS injected mice 
treated with noni fruits 810 mg/kg BW (D3). All animals received the 
normal diet, and all of the mice were sacrificed on the eighth-weeks 
post-treatment.

Cell isolation and antibody staining 

Mice were sacrificed by cervical dislocation and spleen was isolated 
and washed with phosphate-buffered saline (PBS) in Petri dishes. 
Splenic cells were isolated by crushing the organ in PBS. Homogenates 
were centrifuged, 2500 rpm, 10°C, for 5 min. The supernatant was 
discarded while the pellet resuspended in 1 ml of medium. As much as 
2 x 106 cells were taken as and transferred into microtube (1 mL) then 
added 500 μL PBS. The microtube was centrifuged at 2500 rpm, 10ºC for 
5 minutes, according to Rifa’i et al. (2015) The pellet then stained with 
100 μL extracellular antibody at a final concentration of 0.005 mg/100 
μL, then incubated at 40C for 30 min.14-15 The suspension was added by 
200 μL of a fixative solution (cytofix) and incubated in an icebox of 4ºC 
for 20 min. The fixative solution was washed with 500 μL washperm 
solution by centrifugation at 2500 rpm, 10ºC for 5 min. The supernatant 
was aspirated, the pellet was added by 100 μL intracellular antibody at 
a final concentration of 0.005 mg/100 μL and then incubated at 4 ºC 
for 20 min. The cells were then resuspended and added with 400 μL 
PBS then transferred to a cuvette and analyzed using flow cytometry 
with BDCellquest ProTM software. The combination of antibodies 
and fluorochromes that used in this study were the FITC-conjugated 
rat anti-mouse CD11b, PE-conjugated rat anti-mouse IFN-γ, PE/Cy5-

conjugated rat anti-mouse IL-6; FITC-conjugated rat anti-mouse CD4, 
PE-conjugated rat anti-mousecTNFα, FITC-conjugated rat anti-mouse 
CD4, PE-conjugated rat anti-mouse CD25, PE/Cy5-conjugated rat anti-
mouse IL-10; and FITC-conjugated rat anti-mouse NK, PE-conjugated 
rat anti-mouse IL-6 (BioLegend, San Diego).

Data analysis
The relative number of the cells obtained from flow cytometry 

was analyzed using BDCellquest ProTM software. Then, the data were 
analyzed using One Way ANOVA with p<0.05 and followed with Host 
Tukey HSD significance of 0.05 test to know the real difference between 
treatment groups.

RESULT 

Noni fruits extract regulate pro-inflammatory cell for 
cancer prevention

Inflammation is an immune response that can be triggered by 
a variety of factors, including pathogens, damaged cells, and toxic 
compounds. In this study we observe the inflammation process by 
evaluate increasing a relative number of CD4+TNFα+; CD11b+IFNγ+ 
and CD11b+IL-6+. As shown in Figure 1, DMBA+CS exposure decrease 
significantly (P<0.05) the relative number of CD4+TNFα+ to 3.68±0.92% 
from 8.99±1.3% (Normal Group). Treatment with noni juice could 
improve the activation of CD4+TNFα+ into 8.48±1.5%; 12.25±1.6% and 
10.38±2.3%. 

Oppositely, the percentage of CD11b+IFNγ+ and CD11b+IL-6+ in 
DMBA-CS group was significantly (P<0.05) higher than normal group 
(21.01% and 41.2%). Thus, in our observation, we found that Noni 
juice 90 and 810 mg/kg BW could reduce activation of CD11b+IFNγ+ 
(13.43%; 12.23%) and CD11b+IL-6 (20.68%; 20.26%) similar to normal 
group (Figure 2). 

Noni fruits extract stabilized T reg activation
Immune system response to inflammation by secreting a cytokine 

of anti-inflammation. Excessive of IL-10 activation in Treg cell can 
prohibit pro-inflammatory cells in response to a carcinogenic agent 
such as DMBA that was leading to cancer formation. As a result of 
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Figure 1: Noni juice increase level of CD4+TNFα+ cells after DMBA-CS exposure. 

N= healthy mice; DMBA+CS= mice exposed to DMBA-CS; Cisplatin= DMBA+CS exposure 
treated with cisplatin 0.2 mg/kg BW; D1 = mice exposed to DMBA+CS treated with noni 
juice for 30mg/Kg BW; D1 = mice exposed to DMBA+CS treated with noni juice for 30mg/
Kg BW. D2 = mice exposed to DMBA+CS treated with noni juice for 90mg/Kg BW. D3 = mice 
exposed to DMBA+CS treated with noni juice for 810mg/Kg BW Data are mean  SD of four 
mice for each group. Different notations mean significantly different results (p-value < 0.05). 
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Activation pro-inflammatory cell in DMBA+CS group, percentage 
relative cell number of CD4+CD25+IL-10+ also increase into 17.2 %. 
Those percentage are higher comparing with normal group with 11.92% 
(P<0.05). All treatment group both cisplatin and Noni juice could 
lowering the percentage of cell relative number of CD4+CD25+IL-10+ 
similar into normal.

Noni fruits extract suppressed natural killer (NK) cells 
activation

DMBA is a chemical compound with the ability to cause the growth 
of cancer cells and enhance tumor progression. Natural killer (NK) cells 
directly recognize the tumor cells in the body. Profile of NK cells in the 
normal group showed only 24% NK cells was activated. The highest 
level of NK was shown in Cancer Group (43%), indicating that NK cell 
was being activated as a respond of an innate immune system against 
lung cancer. This result shows that administration of Noni extract to 
DMBA-cigarette smoke exposure mice model decrease NK cells in the 
spleen although, Treatment group D1 and D2 could decrease NK+IL-6+ 
significantly come to Normal group (Figure 4).

DISCUSSION
Toxic exposure from chronic polycyclic aromatic hydrocarbons 

family and has been known as immunotoxin.2 Thus, in this present 
study, we observed DMBA-cigarette smoke exposure in mice models 
followed by increasing inflammation incidence. The correlation 
between inflammation and degenerative disease, especially cancer, 
has shown by high expression of pro-inflammatory cytokines in 
immune cells surrounding tumor microenvironment.16 Based on this 
experiment, it has confirmed inflammation incidence, which was 
evaluated by the appearance of macrophages relative number, which 
significantly producing pro-inflammatory cytokines CD11b+IFNγ+, 
CD11b+IL-6+, also higher level in NK+IL-6+ in DMBA-cigarette smoke 
exposure mice model. Similar to those results above, a study conducted 
by Xiao et al. (2013) has shown significant promoted numbers of 
macrophages followed with high inflammation incidence.17 However, 
oppositely, those relative numbers were significantly decreased after 
noni juice treatment (Figures 2 and 4). 

Moreover, many experimental studies have been identified that 
increasing inflammation followed by the recruitment of immune-
competent cells fencing in the tumor microenvironment.16,18 In 
this study, we found that IL-6 and IFNγ expression in macrophage 
was significantly increased in the DMBA-cigarette smoke exposure 
mice model (Figure 2). Macrophages can secrete IL-6 in response to 
specific microbial molecules or toxic agents.19 In Cancer promotion, 
IL-6 has been shown to activate signaling pathways that lead to tumor 
proliferation.20 IL-6-induced JAK/STAT activation leads to constitutive 
activation of STAT3, which has been correlated with enhanced tumor 
cell growth and resistance to chemotherapy.21 Releasing of IL-6 also 
induces intracellular signaling cascades that give rise to inflammatory 
cytokine production.

Inflammation that occurs during DMBA-cigarette smoke exposure 
suggests activation of T regulatory cells by production cytokine anti-
proliferation like IL-10 or TGF-β. Those cytokines act as an inhibitor 
of Th1, macrophage, NK, and cytotoxic cell activation. It was shown 
in the level of IL-10 secreted by T regulatory cells was higher in the 
DMBA-cigarette smoke exposure group than the normal group (Figure 
3). Immune response by T regulator activating was an excellent way 
to suppress inflammation and prevent tumor progression. However, 
the abundance of infiltrating Treg in the immunosuppressive tumor 
microenvironment (TME) resulting in tumor escape by suppressing 
the activation of an antitumor immune response. As shown in Figure 1, 
DMBA+CS exposure suppress activation of of CD4+TNFα+ as immune 
response against immunotoxin. DMBA or other PAH, and also cigarette 
smoke can act as immunosuppression, either humoral or cellular 
immunity including the decrease of recovery ability in lymphoid cells, 
apoptosis of pre-B cells, decreased of B cell capacity in producing 
antibodies, suppression of T cell and B cell proliferation and activation.22 
In various types of cancer, the presence of high Treg cells and a low 
ratio of CD8+ T cells to Treg cells in the TME are related to cancer 
prognosis.23 Control of activation Treg cell and Pro-inflammation cell 
in the immune system are essential to the established immune system 
against tumor progression.15,24 This study reveal that administration of 
noni juice could increasing activation level of CD4+TNFα+ as antitumor 
cells, whereas decreasing activation of CD4+CD25+IL-10+ as anti-
inflammatory cells. 

Figure 2: IFN-γ and IL-6 expression on CD11b cells after DMBA-CS exposure and 
Noni juice treatment.

N= healthy mice; DMBA+CS= mice exposed to DMBA-CS; Cisplatin= DMBA+CS 
exposure treated with cisplatin 0.2 mg/kg BW; D1 = mice exposed to DMBA+CS 
treated with noni juice for 30mg/Kg BW; D1 = mice exposed to DMBA+CS treated 
with noni juice for 30mg/Kg BW. D2 = mice exposed to DMBA+CS treated with noni 
juice for 90mg/Kg BW. D3 = mice exposed to DMBA+CS treated with noni juice for 
810 mg/kg BW Data are mean  SD of four mice for each group. Different notations 
mean significantly different results (p-value < 0.05).    
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Figure 3: Expression of CD4+CD25+IL-10+ cells after DMBA-CS exposure and Noni juice Treatment.

N= healthy mice; DMBA+CS= mice exposed to DMBA-CS; Cisplatin= DMBA+CS exposure treated with 
cisplatin 0.2 mg/Kg BW; D1 = mice exposed to DMBA+CS treated with noni juice for 30mg/Kg BW; 
D1 = mice exposed to DMBA+CS treated with noni juice for 30mg/Kg BW. D2 = mice exposed to 
DMBA+CS treated with noni juice for 90mg/Kg BW. D3 = mice exposed to DMBA+CS treated with 
noni juice for 810 mg/kg BW Data are mean  SD of four mice for each group. Different notations mean 
significantly different results (p-value < 0.05).    

 

*

**
**

* *
**

0.0

10.0

20.0

30.0

40.0

50.0

60.0

Normal DMBA+CS Cisplatin D1 D2 D3

Pe
rc

en
ta

ge
 of

 C
el

l R
el

at
iv

e N
um

be
r 

(%
)

Figure 4: IL-6 expression on NK cells after DMBA-CS exposure and Noni juice treatment. 

N= healthy mice; DMBA+CS= mice exposed to DMBA-CS; Cisplatin= DMBA+CS exposure treated with 
cisplatin 0.2 mg/kg BW; D1 = mice exposed to DMBA+CS treated with noni juice for 30mg/Kg BW; D1 = 
mice exposed to DMBA+CS treated with noni juice for 30mg/Kg BW. D2 = mice exposed to DMBA+CS 
treated with noni juice for 90mg/Kg BW. D3 = mice exposed to DMBA+CS treated with noni juice for 
810 mg/kg BW Data are mean  SD of four mice for each group. Different notations mean significantly 
different results (p-value < 0.05).

This study reveals that noni fruits can maintain both of cytokine 
of pro-inflammation and anti-inflammation to provide homeostatic 
cell. It showed in the group that given by noni juice have a similar 
profile in CD4+TNFα+, CD11b+IL6+, NK+IL6+, and CD4+CD25+IL-10+ 
with the normal group. Between 3 dosage that used in this study D2 
(90 mg/kg BW) and D3 (810 mg/kg BW) suggest better result than 
D1 (30 mg/Kg BW) and cisplatin. More recent evidence revealed that 
noni fruits contain polyphenols and flavonoids, which help to reduce 
the risk of degenerative diseases, such as cancer and cardiovascular 
diseases.25,26 Several in-vitro and in-vivo studies have shown that Noni 

fruits have antioxidant, anti-inflammatory, anti-dementia, liver-
protective, anticancer, analgesic, and immunomodulatory effects. 
Noni fruits have selective inhibition cyclooxygenase enzymes (COX) 
and even anti-inflammatory activity.27 Morindone, damnacanthal, 
and morindin are vital anthraquinone prevent tumor progression 
by inhibiting RAS activation.28,29 So far, those studies above were 
correlated with our finding, the bioactive compounds from noni fruits 
probably prevent cancer formation caused by DMBA-cigarette smoke 
exposure by controlling inflammation and T regulator activation in 
mice model.
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CONCLUSION
Noni Juice with certain dose potentially maintain the immune 

system homeostasis from DMBA and cigarette smoke exposure. Noni 
juice with 90 mg/kg BW decrease inflammation in Macrophage and NK 
cell to prevent chronic inflammation. Meanwhile improve activation of 
CD4+TNFα+ to fight against immunotoxin exposure. Noni juice also 
maintain activation of Treg cell in normal percentage to prevent tumor 
escape. Thus, the overall result of this research suggesting the potential 
of Noni juice as herbal drug to prevent tumor progression and recover 
immune system against immunotoxin.
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