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Abstract Single garlic has many health benefits in which the active compound content five times
higher than regular garlic. However, the utilization of the active compound in single garlic was not
optimal due to its lipophilic characteristics, volatility, and low stability in gastrointestinal fluids. Self-
Nanoemulsifying Drug Delivery System (SNEDDS) has the potential to control the release rate of the
active compounds and lead to increase bioavailability in the digestive tract. The study aimed to
formulate SNEDDS for single garlic extract (SGE) to increase its bioaccessibility and anti-inflammatory
potentials. SNEDDS-SGE was formulated with Tween-80, PEG-400, canola oil, and SGE. SNEDDS-
SGE was characterized by response tests including emulsification time, emulsion pH, and
transmittance; morphology and droplet size of SNEDDS using TEM; and SGE stability in SNEDDS was
evaluated by in vitro gastrointestinal simulation. The cytotoxicity of SNEDDS-SGE was tested using
MTT assay, and its anti-inflammatory potential on IL-1R expression was assessed by the
immunocytochemistry (ICC) method on TIG-1 cells induced by methylglyoxal. Response test data and
characterization of SNEDDS-SGE were analyzed descriptively, bioaccessibility data were analyzed by
T-test, cytotoxicity test by linear regression, IL-18 and C/EBPa expression data by One-way ANOVA.
The results showed that SNEDDS-SGE had a fast emulsification time of 41.913 seconds, a stable pH
of 7.56, and a high transmittance percentage of 98.027%. The SNEDDS-SGE droplet has a uniform
shape with a size of less than 100 nm. SNEDDS-SGE was able to increase the bioaccessibility of SGE
by 89.34% for allicin and 89.31% for alliin, also non-toxic at concentrations below 1000 pg/ml.
SNEDDS was able to significantly increase the effect of SGE in suppressing the expression of IL-11 at
all concentrations of SNEDDS-SGE 62.5 pg/ml, 125 pg/ml, and 250 pg/ml with the lowest decreased
expression of 44.82 + 4.30 AU. Our study suggested that SNEDDS has the potential to enhance the
biological effects of SGE, as well as being a promising anti-inflammatory agent.

Keywords: Single Garlic Extract, SNEDDS, Bioaccesibility, Cytotoxicity, Anti-Inflammatory.
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Introduction

As of early 2021, the COVID-19 disease pandemic had resulted in more than 80 million confirmed
positive cases, with a death toll of more than 1.8 million [1]. Although the recommendations for social
distancing and the use of masks have shown a decrease in the rate of spread in various countries, the
high transmission rate indicates a further wave of transmission that must balance with efforts to identify
the pathogenicity of COVID-19 in-depth and specific therapeutic targets [2]. Deaths caused by COVID-
19 infection mainly occur through the development of acute respiratory distress syndrome (ARDS),
followed by a cytokine storm characterized by hyperinflammatory conditions [2,3]. COVID-19 therapy
based on hyperinflammatory treatment is a strategic effort to reduce the increase in mortality due to
COVID-19 infection [3].

Utilization of herbal medicines with anti-inflammatory activity can alter immune function through dynamic
regulation of molecules such as modulation of cytokine and chemokine secretion; promoter of
phagocytosis and activation of macrophages; production of immunoglobulins; and lymphocyte
proliferation [4,5]. One of the herbal ingredients that have potential anti-inflammatory activity is single
garlic [5-7]. Many studies have shown the remarkable biological functions of garlic, including anti-
inflammatory, immunomodulatory, antioxidant, anti-obesity, anticancer, antidiabetic, antibacterial, and
cardiovascular protecting [6,8,9]. The main active components of garlic are organosulfur compounds,
including diallyl thiosulfonate (allicin), diallyl sulfide (DAS), diallyl disulfide (DADS), diallyl trisulfide
(DATS), E/Z-ajoene, S-allyl-cysteine (SAC), and S-allyl-cysteine sulfoxide (alliin) [8,10,11]. Allicin is the
main component that has the greatest effect on the biological functions of garlic in the health sector,
including anti-inflammatory mechanism [10,11].

Although it has high benefits in the health sector, several studies have shown that garlic's bioactive
compounds will undergo transformation and decomposition under certain pH conditions and a certain
length of time during the digestion process [12,13]. The mechanism of action of garlic's active
compounds is less than optimal due to its low lipophilic characteristics, volatility, and stability in
gastrointestinal fluids, which reduces the bioavailability of garlic's active compounds for systemic
circulation after oral administration [9,14,15]. The optimal delivery system for garlic's active compounds
without reducing its bioavailability is still being developed.

Self-nanoemulsifying drug delivery system (SNEDDS) is a new delivery and dissolving technique that is
getting wide attention because of its excellent properties in increasing the solubility and oral absorption
rate of active compounds with poor solubility in water [16,17], including the active compounds in single
garlic. SNEDDS is an isotropic mixture of drug/active compound, oil, surfactant, and co-surfactant, which
forms an oil-in-water nanoemulsion with droplet size <100 nm when introduced into aqueous media,
such as gastrointestinal (Gl) fluids [18]. The delivery and dissolution system of garlic's active compounds
through SNEDDS can control the rate of release of active compounds and lead to increased
bioavailability of active compounds in the digestive tract [16,17,19,20].

The results of previous studies showed that the single garlic extract formulation in a mixture of carrier
oil, Tween-80, and Glycerol formed a SNEDDS system with good thermodynamic stability and emulsion
character [21]. Hence, it can increase the bioavailability and the anti-inflammatory effect of single garlic
extract. The study was conducted on the effectiveness of SNEDDS single garlic extract on TIG-1 cells
induced by methylglyoxal. SNEDDS single garlic extract (SGE) is expected to be a potential anti-
inflammatory candidate in reducing the expression of pro-inflammatory cytokines with low toxicity values.

Materials and Methods

SGE was extracted with ethanol absolute solvent (Merck). SNEDDS was formulated with surfactant
Tween-80 (Sigma-Aldrich), co-surfactant Glycerol (Merck), and carrier oil Canola. TIG-1 cell lines
obtained from the Laboratory of Structure, Development, and Physiology of Animals, Biology
Department, Science and Mathematics Faculty, Brawijaya University. The TIG-1 cell line were grown in
Minimum Essential Medium (Gibco®USA), Penicillin-Streptomycin (Gibco®USA), Fetal Bovine Serum
USA Origin (Gibco®USA), and induced with methylglyoxal solution (Sigma-Aldrich).

SNEDDS-SGE Preparation

SNEDDS-SGE preparation was carried out by mixing surfactant and co-surfactant (mixture A) using ultra
turrax for 5 minutes and stirred for 15 minutes. On the other hand, 100 mg of SGE was added to the
carrier oil gradually using a stirrer. The homogenization of the mixture of SGE and carrier oil (mixture B)
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was optimized with ultra turrax for 5 minutes and stirred again for 15 minutes. Mixtures A and B were
homogenized using ultra turrax for 5 minutes, followed by a stirrer for 15 minutes and a shaker in a water
bath at 45°C 500 rpm for 15 minutes. The mixture was stirred again for 15 minutes, sonicated for 15
minutes, and then, the SNEDDS system mixture was rested for 24 hours until it stabilized.

Response Test of SNEDDS-SGE Emulsion

The emulsification time test was carried out by dispersing 50 pl of SNEDDS into 5 ml of aquabidest and
homogenized using a vortex, the time was calculated until the system dissolved and formed an emulsion.
The pH test was carried out by measuring the pH of the emulsion using a microprocessor pH meter
(Hanna Instrument pH 211). The transmittance percentage test was carried out by measuring the
transmission of the emulsion using a UV-VIS spectrophotometer (Libra S11/12 Visible & UV
Spectrophotometers) with a wavelength of 650 nm with aquabidest as a blank.

Morphological Characterization of SNEDDS-SGE

The morphological characterization of SNEDDS-SGE was carried out by dissolving 50 pl of the SNEDDS
system into 5 ml of aquabidest, the morphology of the droplet emulsion was observed using
Transmission Electron Microscopy (TEM) Tecnai 200 kV D2360 SuperTwin. TEM observations were
carried out at the Integrated Laboratory & Research Center (ILRC), University of Indonesia.

In-Vitro Gastrointestinal Simulation of SNEDDS-SGE

Gastrin phase: Simulation gastrointestinal fluid (SGF) was prepared by dissolving 2 g of NaCl in 7 mL
of 37% HCI in aguades until the volume became 1 L and adding 3.2 g of pepsin enzyme. The pH of SGF
was adjusted to 1.2 using 1.0 M HCI. 500 pL of SNEDDS-SGE was dissolved in 50 mL of SGF and the
pH was adjusted to 2.5 by adding 1.0 M NaOH. The mixture was incubated at 37°C for 2 hours in
incubator shaker at 100 rpm.

Intestinal phase: Digesta samples or samples from the gastric phase simulation as much as 30 mL
were incubated in an incubator shaker at 37°C for 10 minutes and the pH was adjusted to pH 7 using 1
M NaOH solution. The digesta samples were stirred continuously using a magnetic stirrer, and then, 1
mL CaClz 750 mM was added to the mixture, and the pH was maintained at pH 7. About 2.5 mL of
pancreatin lipase was added to the mixture, homogenized again with a magnetic stirrer and the pH was
maintained at pH 7 using 0.25 M NaOH for 2 hours, until it becomes raw digesta.

Bioaccessibility of Active Compound of SGE

Simulated gastrointestinal or raw digesta samples of 10 mL were centrifuged at 4000 rpm at 25°C for 40
minutes. The results of the centrifuge of raw digesta consist of 3 phases, namely: a cloudy sediment
phase at the bottom, a relatively clear micellar phase in the middle, and an oily phase at the top. The
micelle phase in the middle is assumed to contain dissolved SGE active compounds. The micelle phase
resulted from the centrifugation was aliquoted using a 0.45 uym syringe filter to as much as 5 mL and
then, analyzed by HPLC. The bioaccessibility of SGE dissolved in the micellar phase was calculated by
equation 1.

M micelle

% Bioaccessibility = —————X 100 %0 ...eevniieiiii e )

M emulsion

Description:
M micelles = SGE concentration in micelle phase
M emulsion = SGE concentration on SNEDDS

In-Vitro Cytotoxic Assay of SNEDDS-SGE in TIG-1 Cells

In vitro cytotoxic activity of the SNEDDS-SGE on TIG-1 cell was evaluated by 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) reduction assay. The cells were seeded in 96-well plate at
density 5x103 cells/well in 100 pL medium and incubated overnight at 37°C, with 5%. Then, SNEDDS-
SGE was added to each well with various concentrations of 62.5 ug/ml, 125 ug/ml, 250 ug/ml, 500 ug/ml,
1000 ug/ml, 2000 ug/ml, and 4000 ug/ml [22]. Cells were incubated for 24 hours in an incubator at 37°C,
with 5% CO.. After treatment, the culture media was discarded and the cells were washed using sterile
PBS. Then, 100 pl of MTT (0.5 mg/mL) in culture medium was added in each well followed by 4 hours
of incubation in an incubator at 37°C, with 5% CO2. Each well was added with 100 pyL of DMSO to
dissolve the formazan crystals formed and incubated for 30 minutes at room temperature. The optical
density (OD) of each well was determined using ELISA reader at 595 nm. The percentage of cell viability
was then calculated by Equation 2.
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OD of treatment - OD of blank

0, I ilitv = 0,
% Cell Viability 0D of control —OD of Biamk X TOO0YD e (2)

Measurement of IL-1 Expression in TIG-1 Cells

Expression of IL-1B in TIG-1 cells after SNEDDS-SGE treatment was evaluated by immunocytochemistry
(ICC) method. The cells were seeded in 24-well plate with coverslip at density 5x10* cells/well in 500 L
medium and incubated overnight at 37°C, with 5%. TIG-1 cells were induced with Methylglyoxal (MG) 5
g/ml and incubated for 24 hours at 37°C, with 5%. After induction, cells were treated using SNEDDS-
SGE with various concentrations and incubated for 24 hours. At the end of the incubation, the culture
medium was removed, and the cells were washed with PBS. The cells were fixed with 4%
paraformaldehyde (PFA) for 10 minutes and washed with PBS. Cell membrane permeability with 0.5%
Triton-X for 30 minutes and blocking buffer with 3% BSA for 30 minutes.

Cells were incubated with IL-13 primary antibodies overnight. Cells were washed with PBS, repeated
three times. The cells were incubated with FITC conjugated secondary antibody for 1 hour. After that,
the cells were rewashed with PBS for three times. The expression of IL-1B in TIG-1 cells was immediately
observed using a confocal laser scanning microscope (Olympus, Japan) at The Central Laboratory of
Life Sciences (LSIH), Brawijaya University. The intensity of IL-1B expression in TIG-1 cells was
measured using Flouview version 17a software.

Analysis

Response test data and SNEDDS-SGE characterization were analyzed descriptively. Statistical analysis
of bioaccessibility data involved T-test, cytotoxicity test was based on linear regression, and IL-1p and
C/EBPa expression data was based on One-way ANOVA with p < 0.05. All data were presented in the
mean * SD value of three replicates in each treatment.

Results and Discussion

Response and Characterization of SNEDDS-SGE

In the response test, the emulsification time, pH, and percentage of transmittance were tested.
Emulsification time is an important parameter to describe the stability of the system and the ease of the
process of forming SNEDDS-SGE nanoemulsions in gastric fluid. The average emulsification time of
SNEDDS-SGE was 41.913 + 7.188 seconds which showed that the SNEDDS-SGE had a fast
emulsification process because it was below 2 minutes. The short emulsification time is mediated by the
action of surfactants and co-surfactants which can quickly form an oil-water interface layer. Co-
surfactants will be inserted and form spaces between surfactants with high fluidity which can form
nanoemulsions more quickly [20]. A good SNEDDS formula must have the ability to disperse entirely
and quickly when in contact with water with mild agitation which can be related to the ease of the process
of forming nanoemulsions in a liquid-filled stomach [21,22].

The average pH of SNEDDS EBT was 7.560 + 0.200. The formulation of SNEDDS at a pH range of 7.0
- 9.0 is stable in acidic media, hence, it is able to withstand hard gastric juices and protect the drug
inside. In-vitro drug release kinetic studies showed SNEDDS with optimal pH were able to increase drug
release substantially [25]. The average transmittance percentage of SNEDDS-SGE was 98.027 +
0.730%. The transmittance value of the formulation above 90% indicates the efficiency of self-nano
emulsification of the SNEDDS [19].

The morphology of SNEDDS-SGE and the droplet size were observed using TEM microscope as shown
in Figure 1. Based on the observation, the nanoemulsion appeared against a light background in which
the nanoemulsion droplets were circular with sizes ranging from #50 nm and almost uniform.
Nanoemulsions with droplet dimensions <100 nm have kinetic stability that can minimize the occurrence
of aggregation because their small size can reduce the attractive force between droplets [26].
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Figure 1. SNEDDS-SGE morphology from TEM observation. (a) The SNEDDS-SGE droplet at 285,000X magnification, (b) The formed
SNEDDS-SGE droplet has a spherical structure with a darker center and a lighter surface indicating the SNEDDS-enveloped SGE (red
arrow); magnification: 71,000X.

Effect of Gastrointestinal Simulation on Bioaccessibility of Active
Compounds on SNEDDS-SGE

In vitro gastrointestinal simulations can be used to predict the effect of dissolution and digestion of lipid-
based formulations in digestive fluids. Lipid-based drug delivery formulations must be able to maximize
the rate and maintain the availability of active compounds in the gastrointestinal tract until the absorption
process [27]. To determine the effect of SNEDDS on maintaining the availability of SGE active
compounds, HPLC was performed on allicin and alliin levels in SGE and SNEDDS SGE both before and
after the gastrointestinal simulations. The results of allicin and allin HPLC assays and their
bioaccessibility are presented in Table 1.

Table 1. HPLC result and bioaccessibility of Allicin and Aliin on SGE and SNEDDS-SGE

Compound Levels Before Compound Levels After . -
Formulation GI%imuIation (ng/ml) Gl gpimulation (nug/ml) Bioaccessibility (%)
Allicin Alliin Allicin Alliin Allicin Aliin
SGE 41959.04 + 533.84 25031.01 £318.76  19345.32 + 307.11 11527.86 + 183.38 46.11 46.05
SNEDDS-SGE 18980.44 + 3204.25 11309.99 +1913.32 16956.46 + 1900.05 10101.43 + 1134.56 89.34 89.31

The bioaccessibility percentage of allicin in SNEDDS-SGE was 89.34% and alliin was 89.31% higher
than the bioaccessibility of allicin and alliin that is not formulated in SNEDDS, allicin was 46.11% and
alliin was 46.05%. The results of the SNEDDS study of garlic oil with the formulation of oleic acid as a
carrier oil, capryol PGMC (propylene glycol monocaprylate) as a surfactant, and ethanol as a co-
surfactant by Sangar, et.al. (2019) showed that after gastrointestinal simulation in vitro 91.80% of the
active compounds were able to survive in the gastrointestinal tract [28]. Whereas, in the SNEDDS-SGE
study, the content of active compounds after in vitro gastrointestinal simulations that persisted was lower
than in previous studies.

The low bioaccessibility of allicin and alliin indicates that the active compound cannot be directly
absorbed. Based on the data on bioaccessibility analysis of polymer compounds, 48% can be digested
in the small intestine, 42% can be digested in the large intestine, and 10% are not absorbed. [29]. This
indicates that the active compound in garlic has a low solubility level and the lipid-based formulation is
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able to increase the bioaccessibility of allicin and alliin. This increase in bioaccessibility indicates the
availability of the active compound allicin and alliin while in the gastrointestinal tract to the absorption
process [30].

Cytotoxicity Effects of SNEDDS-SGE on TIG-1 Cells

Cytotoxicity assay of SNEDDS-SGE on TIG-1 cells was determined by the MTT-assay method, using
the mitochondrial dehydrogenase activity of living cells against MTT to form purple formazan crystals.
The data obtained was in the form of absorbance of purple formazan crystals measured at a wavelength
of 570 nm and then, converted to determine the percentage of living cells presented in Figure 2.

150
-~ SGE

120 = SNEDDS-SGE

% TIG-1 Cells Viability
©
o
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30
0 1 1 | 1 || 1 | |
A N A AN AY A\Y AN
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Figure 2. Cytotoxicity profile of SGE and SNEDDS-SGE in TIG-1 Cells

The results of the SGE cytotoxicity test on TIG-1 cells showed that up to the highest concentration of
SGE administered at 4000 pg/ml did not show any toxic effects on TIG-1 cells, as evidenced by the cell
viability value above 100%. Meanwhile, different results were shown in the SNEDDS-SGE treatment
group. At the dose of 2000 pg/ml, the TIG-1 cell viability value of 57.29 + 0.83% showed moderate
toxicity, and non-toxic at concentrations below 1000 pg/ml with a value of viability of 88.14 + 3.36%.

Determination of the toxicity value of a component based on the ISO-10993-5 standard, which states
that the percentage of cell viability above 80% is categorized as non-toxicity, between 80%-60% is
categorized as weak toxicity, 60%-40% is in the moderate toxicity category, and below 40% classified
as strong toxicity [31]. Garlic extract is known to have a low toxicity value on fibroblast cells [32], but is
toxic to cancer cells [33].

The main component in SNEDDS in the form of Tween-80 is a non-ionic surfactant group with HLB >
12, which can spontaneously form SNEDDS with droplet sizes below 100 nm after forming an emulsion
in digestive juices in the gastrointestinal tract. In addition, non-ionic surfactants are used in SNEDDS
components because of their lower toxicity than the anionic and cationic groups [34].

Effect of SNEDDS-SGE on IL-1B Expression in Methylglyoxal-Induced
TIG-1 Cells

The active compound of single garlic has low bioavailability and stability in the digestive tract, so it can
decrease its therapeutic effect as an anti-inflammatory. The SNEDDS delivery system is expected to
increase the anti-inflammatory potential of SGE. The anti-inflammatory effect of SNEDDS-SGE was
evaluated based on its potential to decrease the pro-inflammatory cytokine profile in Methylglyoxal-
induced TIG-1 cells using the ICC method shown in Figure 3.
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Negative Control |Methylg|yoxa| (MG)+ 5 pg/ml MG + SGE 125 pg/ml I MG+SNEDDS-SGE 62,5ug/ml || MG+SNEDDS-SGE 125 pg/ml||MG+SNEDDS-SGE 250 pg/ml

IL-18

DIC

Figure 3. IL-13 Expression Profile on TIG-1 Cells Induced by Methylglyoxal (MG) with SGE and SNEDDS-SGE Treatment. Magnification:
400x. DIC: Differential interference contrast.

The results of the expression of IL-1R in TIG-1 cells induced by MG showed that administration of SGE
and SNEDDS-EBT was able to reduce (p < 0.05) the expression of pro-inflammatory cytokines compared
to the MG treatment group (Figure 4). MG increased the expression of the pro-inflammatory cytokine IL-
1R as compared to the control group. The MG plays role in cell inflammation pathways by increasing
oxidative stress through the induction of pro-inflammation cytokines of TNF-a, IL-1B, and IL-6, and
damage the anti-oxidant ability of cells. In addition, MG could induce inflammation response through the
increase in JNK expression and activate the transcription factor of NF-kB [33-35].

Administration of SGE was able to suppress the expression of IL-18 in TIG-1 cells induced by MG.
Extensive studies have shown that garlic with sulfur bioactive compounds involved in regulating the
body's immune system, reducing free radicals, and anti-inflammatory [5,10,36]. Garlic and its active
components capable of preventing the development of chronic diseases associated with aging,
stimulation immune function through macrophage activation, induction of T cell proliferation, reduction
of blood glucose levels, radiation protection, protection against microbes, anti-cancer, and anti-
hyperlipidemia effects [37-40].

120
__100 | * ok K
::t', Em Negative Control
.EL 80 - = Methylglyoxal (MG) 5 ug/ml
-g : Bl MG + SGE 125 ug/ml
2 i .
% o0 $$ —— * Z4 MG + SNEDDS-SGE 62,5 pg/ml
g —  P777778 === | | E3 MG + SNEDDS-SGE 125 pg/mi
E $3 Ml MG + SNEDDS-SGE 250 pg/ml
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Q. T
d S

20 L

0 1 1 IA I
Treatment

Figure 4. Intensity of IL-13 Expression on TIG-1 Cells. *Significantly different (p < 0,05) from all treatment groups; **Significantly
different (p < 0,05) from the MG + SGE 125 pg/ml group; ***Significantly different (p < 0,05) from the Methylglyoxal (MG) pug/ml group.
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On the other hand, the SNEDDS formulation was able to significantly increase the effect of SGE in
suppressing the expression of IL-18 cytokines, with the lowest expression intensity of 44.82 + 4.30 A.U.
at the SNEDDS-SGE concentration of 250 ug/ml. SNEDDS can increase the dissolution and absorption
rate of the active compound, reduce the effect of pH variability, and improve the release performance of
the active compound [20]. Nanoemulsions help increase the bioavailability of various active compounds
through one or a combination of mechanisms in the form of increasing the solubility of the active
compound, protection against enzymatic hydrolysis, modification of biochemical functions in the Gl tract
through the use of surfactants, and inhibition of P-glycoprotein efflux of the active compound [43].

Conclusions

In conclusion, SNEDDS-SGE formulation from this study showed that the nanoemulsion droplet
characterization was less than 100 nm, with fast emulsification time, stable pH, and self-nano
emulsification efficiency. SNEDDS-SGE can protect and increase the bioaccessibility of allicin and allin
compounds almost twice that of SGE. SNEDDS-SGE showed low toxicity at a 2000 pg/ml concentration
and non-toxic at below 1000 pg/ml. SNEDDS-SGE treatment on TIG cells induced by methylglyoxal
proved that SNEDDS was able to enhance the biologic effect of SGE in suppressing the expression of
the pro-inflammatory cytokine IL-18. Our research suggests that SNEDDS can protect the active
compound SGE and increase its potential as an anti-inflammatory agent.
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