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Abstract

Purpose: To analyze the effects of a single-bulb garlic (Allium sativum) oil (SGO) on the activation of
regulatory T cells and anti-inflammatory cytokines IL-10 and TGF-8 in mice fed a high-fat diet (HFD).
Methods: The study was conducted with 24 BALB/c male mice divided into six groups consisting of four
mice each, i.e., control group (non-HFD, no treatment), HFD group without treatment, HFD administered
with simvastatin, and three HFD groups administered SGO doses of 12.5, 25.0 and 50.0 mg/kg,
respectively, and continuously treated (with SGO) for 45 days. The relative number of regulatory T cells,
IL-10 and TGF-B were measured using flow cytometry.

Results: HFD decreased the expression of regulatory T cells, and the production of IL-10 and TGF-8
compared to the control group (p < 0.05). SGO (50 mg/kg) significantly enhanced the activation of
regulatory T cells and production of TGF-B in mice fed high-fat diet compared to simvastatin group (p <
0.05). The dose of 25 mg/kg SGO significantly increased the level of IL-10 in mice fed a HFD (p < 0.05).
Conclusion: These results suggest that SGO inhibits inflammatory processes in mice fed a HFD, by
enhancing regulatory T cells and the anti-inflammatory cytokine IL-10 and TGF-B. Thus, SGO a
promising food supplements and/or therapeutic agent for management of inflammation disorders
caused by a HFD.
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INTRODUCTION

Atherosclerosis is one of the metabolic disease
characterized by blocked arteries [1]. In 2030,
the prevalence of atherosclerosis disease is
expected to increase to 23.3 million people.
Atherosclerosis has a mortality rate of almost 50
% worldwide and is one of the largest cause of

the developed country such as
Indonesia [2]. It involves several cell interactions
such as endothelial cells, machrophages, smooth
muscle cells and lymphocytes. The accumulation
of LDL (low density lipoprotein) is the main factor
that causes atherosclerosis [3].
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The accumulation of LDL, especially oxidatively
modified LDL (Ox-LDL) in artery walls, triggers
innate  immune  responses through the
recruitment and activation of macrophages. This
process then triggers the adaptive immune
response through the activation of pro-
inflammatory T cells (Thl subset) [4,5]. The
accumulation of inflammatory cells in arteries
causes the release of chemokines, interleukin,
and protease such as interferon gamma (IFN-y),
tumor necrosis factor alpha (TNF-a) and ligand
CD40 membranes. The release of these
molecules lead to increased immune response
and atherosclerotic lesion progression [5]. For
this reason, the role of regulatory T cells is
important for modulating the pro-inflammatory
process into a pro anti-inflammatory process [3].

A medicinal plant that has often been used as an
alternative treatment for reducing the risk of
cloronary heart disease is garlic (Allium sativum
L.) [6]. The cardiovascular properties of garlic are
attributed to organosulfur compounds. Garlic
contains 33 sulfur compounds (aliin, allicin,
ajoene, allypropy! disulfide, and others), several
enzymes (allinase, peroxidase and others),
amino acids and minerals. Allicin is only
produced when the garlic bulb is crushed or cut,
activating the allinase enzyme, which
metabolizes alliin to allicin [7]. Allicin has an anti-
inflammatory effect [8].  Allicin reduces the
immune response due to oxLDL in
atherosclerosis plaque formation. Free radicals
can be suppressed in the presence of
antioxidants. Administration of allicin has been
reported to enhance the expression of SOD
(superoxide dismutase) enzyme [9].

The single bulb garlic variety is usually used as
traditional medicinal plant in Indonesia. This
study aimed to analyze the effect of single
bulb/clove garlic oil extract (SGO) on the
activation of regulatory T cells and anti-
inflammatory cytokines IL-10 and TGF-$ in mice
fed a high-fat diet. Regulatory T cells and anti-
inflammatory cytokines can be used as indicators
to examine immune response related to
atherosclerosis disease, in mice fed a high-fat
diet.

EXPERIMENTAL
Plant material

Fresh bulbs of Allium sativum were collected and
identified at UPT Materia Medica Batu, Malang,
Indonesia on August 2017. A voucher specimen
(no. TO-T0975) was prepared and deposited in
the herbarium of the UPT Materia Medica Batu,
Malang, Indonesia.

Allium sativum extract preparation

Preparation of single bulb garlic extract used a
Soxhlet method with N-hexane as the solvent
about 0.9 kg of single bulb garlic powder (dried
simplisia) was dissolved in 4.5 L of hexane. The
final mass of the garlic oil extract was 6 mg. The
extraction was done at UPT. Materia Medica
Batu, Malang, Indonesia.

Animal studies

Twenty-four normal Balb/c male mice aged 12
weeks old (38 + 5 g) were obtained from Gadjah
Mada University, Yogyakarta, Indonesia. The
mice were maintained in a pathogen-free facility.
The experimental protocol was approved by
ethical clearance from the Research Ethics
Committee, Medicinal Faculty, Brawijaya
University (no. 880-KEP-UB). All animal
experiments were performed according to the
Principles of Laboratory Animal Care (NIH
publication no. 85-23) [10].

Twenty-four Balb/c male mice were randomly
divided into six groups (four animals in each):
N—control group (normal diet); HFD—high-fat
diet group; Simvas—HFD group receiving the
Simvastatin 2.6 mg/kg BW; A1—HFD group
receiving 12.5 mg/kg BW of SGO; A2—HFD
group receiving 25.0 mg/kg BW of SGO; A3—
HFD group receiving 50.0 mg/kg BW of SGO.

Atherosclerosis mice model and SGO extract
treatment

All mice were fed with standard diet for 1 week
for acclimatization before study. For the HFD
group, the mice were orally received HFD feed
once a day for 45 days. HFD feed consisted of a
Hi-Grow Medicated 551 feed (30 %), duck yolk
(10 %), coconut oil (30 %), wheat flour (5 %),
corn (24.9 %), and cholic acid (0.1 %). The
control group was fed the standard diet for 45
days. The various doses of single bulb garlic oil
extract (SGO) were administered orally for four
weeks.

Lymphocyte isolation

The mice were sacrificed and sectioned on week
12; spleens were then isolated and separated by
gentle pipetting. The spleen suspension in
propylene was added to Phosphate-buffered
saline (PBS) up to 10 mL and then centrifuged at
2500 rpm, 4 °C for 5 min. The supernatant was
removed and the pellet was resuspended in 1 mL
of sterile PBS to produce the Ilymphocyte
suspension used for further analysis.
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Lymphocyte count

Lymphocyte count was calculated using a
haemocytometer. A total of 10 pL of the
lymphocyte suspension and 90 pL of Evans Blue
were combined and homogenized in a microtube.
The number of live lymphocytes was calculated
using the formula:

2 Lymphocyte = ¥ lymphocyte count x 4 X
dilution factor x 10* cell/mL

Antibody staining and flowcytometry analysis

The lymphocyte suspension was co-incubated
with FITC-conjugated rat anti-mouse CD4 and
phycoerythrin (PE) anti-mouse CD-25
monoclonal antibodies for 15 min. Antibodies
used for intracellular staining were PE/Cy5 anti-
mouse Foxp3, PE/Cy5 anti-mouse TNF-a and
PE/Cy5 anti-mouse IL-10. Antibodies were
purchased from BioLegend, Inc (San Diego, CA).
Next, 50 pL cytofix-cytosperm was added to the
pellet and incubated for 20 min at 4 °C. Then,
500 uL washperm was added and centrifuged at
2500 rpm at 4 °C, for 5 min. The pellet was
resuspended using 50 uL of antibodies in sterile
PBS. Next, the pellet was re-suspended in 500
uL PBS and assessed via a BD FACS Calibur™
flow cytometer (BD Biosciences, San Jose, CA,
USA). The data were then processed using the
BD Cell Quest Pro™ software.

Statistical analysis

Data are presented as mean =+ standard
deviation (SD) and were analyzed using SPSS
16.0 for Windows. A one-way ANOVA was used
to assess the statistical difference between the
treatments. P < 0.05 was defined as being
statistically significant. ~ Significant treatment
effects was further analyzed for between-
treatment differences with the Tukey HSD Test.

RESULTS

Effect of single bulb garlic oil (SGO) extract
on level of regulatory T cells
(CD4"CD25'Foxp3")

The effect of single bulb garlic oil (SGO) extract
in mice fed a HFD could be seen clearly in the
relative number of CD4'CD25'Foxp3™ T cells
(Figure 1). A high-fat diet suppressed the
activation of regulatory T cells in mice. The
relative number of CD4'CD25'Foxp3” in the
normal group was significantly decreased (p <
0.05) after a HFD treatment for 45 days (19.62 vs
7.59 %).

As seen in Figure 1, single bulb garlic oil (SGO)
extract was able to promote the activation of
regulatory T cells in mice fed a high-fat diet. The
relative number of CD4'CD25'Foxp3’ was
increased significantly (p < 0.05) after
administering SGO at a dose of 50.0 mg/kg BW
(A3) (34.90 %) compared to other doses. In A2
treatment, the relative number of
CD4'CD25"Foxp3" also increased by 21.1 % but
not as high as in A3 treatment. The dose of 12.5
mg/kg SGO did not restore the relative number of
regulatory T cells to the normal level (17.28 %).

Administration of simvastatin to HFD mice also
increased the activation of Treg cells by 21.56 %,
but not as high as A3 treatment (p < 0.05). SGO
at 50.0 mg/kg was also effective in enhancing
regulatory T cells that express Foxp3 in mice fed
a HFD. Regulatory T cells that express Foxp3
have anti-inflammatory effect and secrete anti-
inflammatory cytokines IL-10 and TGF-(.
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Figure 1: Effect of single bulb garlic (A. sativum) oil
(SGO) extract on the activation of regulatory T cells in
mice fed a high-fat diet (HFD). A) The relative number
of Treg cells (CD4"CD25"Foxp3") in mice fed a HFD
after 45 days of SGO treatment. B) The percentage of
CDA4'CD25 Foxp3" after administration of SGO extract
in mice fed a HFD. Data are mean = SD (n = 4). Note:
N: normal mice (normal diet); HFD: high-fat diet mice;
Simvas: high-fat diet mice receiving simvastatin dose
of 2.6 mg/kg BW; Al: HFD mice receiving SGO 12.5
mg/kg BW; A2: HFD mice receiving SGO 25.0 mg/kg
BW; A3: HFD mice receiving SGO 50.0 mg/kg BW

Effect of single bulb garlic oil (SGO) extract
on IL-10 production (CD4'CD25"IL-10")

IL-10 is a suppressive cytokine known as being
effective  in  reducing inflammation in
atherosclerosis disease. We observed that a
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high-fat diet suppressed the production of IL-10.
The relative number of CD4'CD25'IL-10" was
significantly decreased (p < 0.05) in mice fed a
HFD compared to normal mice (11.90 vs 23.39
%) (Figure 2). Flowcytometry analysis showed
that administration of SGO significantly increased
the production of IL-10 by Treg cells in all
treatment doses of SGO (Al: 26.03 %; A2: 38.48
%; A3: 34.87 %). This results suggests that A2
group (SGO dose of 25.0mg/kg BW) had a
higher level of IL-10 compared to other doses. As
seen in Figure 2 B, A2 group was not
significantly different in the relative level of IL-10
as compared to the simvastatin group (Simvas:
46.44 %).
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Figure 2: The effects of single bulb garlic (A. sativum)
oil (SGO) extract on IL-10 production in mice fed a
high-fat diet (HFD). A) The relative level of IL-10
(CD4*CD25"1L-10") in mice fed a HFD after 45 days of
SGO extract treatment. B) The percentage of
CDA4'CD25"IL-10" after administration of SGO extract
in mice fed a HFD. Data are mean + SD (n = 4). Note:
N: normal mice (normal diet); HFD: high-fat diet mice;
Simvas: high-fat diet mice receiving simvastatin at
dose of 2.6 mg/kg; Al: HFD mice receiving SGO 12.5
mg/kg; A2: HFD mice receiving SGO 25.0 mg/kg; A3:
HFD mice receiving SGO 50.0 mg/kg

Effect of single bulb garlic oil (SGO) extract
on TGF-B production (CD4'CD25" TGF-B")

The administration of SGO to mice fed HFD
showed significant increase in the production of
TGF-B. TGF-B is important in controlling
inflammation. Flow cytometry analysis showed
that the relative level of CD4'CD25'TGF-B*
decreased significantly (p < 0.05) in mice fed a
high-fat diet and treatment with 50.0 mg/kgBW
dose of SGO (A3: 20.10 % vs HFD: 15.25 %)
reversed it (Figure 3). The relative level of TGF-3
at dose 50.0 mg/kg of SGO was increased by
20.10 % compared to normal mice (19.99 %).

The A3 group (50.0 mg/kg of SGO) appeared to
have been administered the optimal dose, which
increased  the  anti-inflammatory  TGF-B
compared to other doses of SGO and
simvastatin group in atherosclerosis mice model.
Increasing levels of TGF-B is crucial for the
progression of atherosclerosis to result in
inflammation, fibrosis, chemotaxis, proliferation,
and apoptosis.
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Figure 3: The effects of single bulb garlic (A. sativum)
oil (SGO) extract on TGF-B production in mice fed a
high-fat diet (HFD). A) The relative level of TGF-3
(CD4"CD25'TGF-B") in mice fed a HFD after 45 days
of SGO treatment. B) The percentage of
CD4'CD25'TGF-B " after administration of SGO
extract in mice fed a HFD. Data are mean + SD (n =
4). Note: N: normal mice (normal diet); HFD: high-fat
diet mice; Simvas: high-fat diet mice recieving
simvastatin dose of 2.6 mg/kg; Al: HFD mice
receiving SGO 12.5 mg/kg; A2: HFD mice receiving
SGO 25.0 mg/kg; A3: HFD mice receiving SGO 50.0
mg/kg

DISCUSSION

Regulatory T cells (CD4"CD25'FOXP3") are the
main factors involved in immune tolerance and
induction [11]. Treg cells CD4'CD25'FOXP3*
from the thymus are found in atherosclerotic
lesions [12]. Treg cells have a suppressive effect
and level of Foxp3 expression determines their
suppressive role [13]. Treg cells-expressing
Foxp3 secreting the anti-inflammatory cytokines
IL-10 and TGF-f [14].

The function of Treg cells is closely related with
the effect of suppressive cytokines such as TGF-
B and IL10. Some research has reported that
Treg cells secrete several cytokines such as
TGF-B and IL10 that inhibit the activation of
certain cells [15]. IL-10 is an anti-inflammatory
cytokine that is effective in atherosclerosis
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protection; IL-10 exerts its atheroprotective effect
on plaque progression, as well as the different
stages of atherosclerosis by influencing the local
inflammatory process within the atherosclerotic
lesion [16]. Decreasing levels of IL-10 lead to
MMP accumulation which may promote instability
of atherosclerotic plaque [17-19].

Therapy with suppressive cytokines is important
for decreasing the progression of inflammatory
disease, especially atherosclerosis. The present
study found that IL-10 cytokines by Treg cells are
crucial factor for reducing the progression of
atherosclerosis in mice fed a high-fat diet. The
increasing levels of IL-10 due to administration of
SGO is one therapy that may be applied to
individuals with atherosclerosis disease. Many
studies have revealed that TGF-3 may inhibit the
progression of atherosclerosis disease. One of
the possible pathways that it may affect is the
inhibition of proliferation, migration and apoptosis
of smooth muscle cells and endothelial cells and
also potentially inhibits the immune system.
Activated Treg cells have a large effect on IL-10
and TGF-B secretion [3].

This study showed that the increase of Treg cells
activation followed by the production of the anti-
inflammatory cytokines IL-10 and TGF-$ in mice
fed a HFD and administered SGO indicated that
there are active compounds in single bulb garlic
that may activate Treg cells. Furthermore, the
level of regulatory T cells activated by SGO was
higher than that of simvastatin group.
Simvastatin is a drug used commonly to treat
hypercholesterolemia and coronary heart
disease. This study used simvastatin as a
positive control; simvastatin is known to inhibit 3-
hydroxy-3-methyl-glutaryl-coenzyme A (HMG-
CoA) reductase, which catalyzes cholesterol
formation. Suppression of this enzyme (HMG-
CoA reductase) have an effect on the ROS
reduction and increasing of oxidised LDL
resistant [20].

Single clove garlic (Allium sativum L.) has been
used for traditional medicine, likely because of
efficacy of organosulfur compounds present in it
such as diallyl disulfide, S-allylcystein and diallyl
trisulfide, or allicin, which is enzymatically
produced upon injury to the bulb [21,22]. Recent
studies have demonstrated a pharmacological
effect of A. sativum, especially the active
compound allicin. Some studies suggest that
allicin and sulfur compounds in single clove garlic
posses’ antifungal, antibacterial, antiparasitic,
antiviral, anticancer and  cardiovascular
protective  effects. = Some  cardiovascular
protective effects may be anti-hypertensive [27],
antiatherosclerotic and antithrombotic [23].

Research by Wang and Ng [24] reported that
garlic has protective effect for atherosclerosis
disease. Abramovitz et al [25] have shown that
allicin compounds in garlic clove reduce the
serum cholesterol and LDL levels. Allicin
significantly suppressed oxidized LDL and
atherosclerosis progression [22, 23]. The active
compound of garlic that has an anti-atherogenic
role are mostly found in the oil fraction [23].
Currently, there is no research on the effect of
garlic in the activation of immune cells. SGO
reduce the migration of neutrophils by endothelial
cells and have an effect on T Iymphocyte
function in extravascular inflammatory sites [23].
This study suggests that garlic oil extract may be
a suitable alternative herbal treatment for the
prevention of atherosclerosis.

CONCLUSION

These results suggest that SGO inhibits
inflammatory processes in mice fed a HFD, by
enhancing regulatory T cells and the anti-
inflammatory cytokine IL-10 and TGF-B. Thus,
SGO can be developed as a food supplement
and/or therapeutic agent to ameliorate
inflammation disorders caused by HFD.
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