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Objectives: This study aimed to compare the anti-obesity effects of raw and pickled gar-
lic in vitroin 3T3-L1 preadipocytes.

Methods: The pickled garlic samples comprised the following: garlic aged in vinegar (VG),
garlic aged in soy sauce, and vinegar (1:1, v/v) (PG) and raw garlic (RG) as control. Hexane,
butanol, and distilled water were used to prepare the fractions. The pancreatic lipase in-
hibitory activity was used as a measure of anti-obesity effects of the extracts. The lipid
droplet accumulation and triglyceride content in the 3T3-L1 cells were measured using
QOil red O staining and triglyceride assay kits, respectively. The adipogenesis related pro-
tein expression levels were analyzed using the kits and the western blot method.
Results: The pancreatic lipase inhibitory activity of the garlic extracts (VG, PG, RG) was
the highest in the butanol fraction, and the inhibitory effect was the highest in RG, fol—-
lowed by PG and VG. All garlic butanol extracts suppressed triglyceride accumulation in
differentiated adipocytes (P{0.05) through the activation of cyclic adenosine mono-
phosphate (AMP), AMP-activated protein kinase, carnitine palmitoyl transferase-1, and
the inhibition of fatty acid synthase. Raw garlic extracts significantly inhibited the ex—
pression of proteins involved in adipogenesis as compared to pickled garlic.
Conclusions: Raw garlic has the potential to be an effective natural material for reducing
obesity compared to pickled garlic with vinegar or soy sauce.
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3] 18]g o}l|’=4lQl 4k cyclic adenosine monophosphate,
HTES A MAH o2 58] T8k FAHE MAA cAMP)2} AMP-Z4] thiz O]APQEJ‘(AMP-actlvated
<l F3golet st HIRE FES Fol7] A% =Y protein kinase, AMPK)& AW A] &¢4-& FA3=
A&sta Ao, HIRke] X5 2E AWAEe Eo]HQ] 71 ® A AN, cAMPS] F7k= UCP Triﬂ/_q'
H S22 - AA| 2 £33 HA ol Tosh= AL o} Thil A Q14ksl & Ax(protein kinase A) HEH S F7FAF]
A A4S 2Hske Aol FastP. A U] AA i1 HSL®] E431E Sst Axd W SAANS 7
G FEafol] Hoddhs A At Aakd a4 dfeth= d™e] HHS 2-ITP. AMPK =3 Al
(fatty acid synthase, FAS), 7}2U®l 0| EY AY a4 olLiA] M3E 2123t olux] AlA @2 AMPK 2]
(carnitine palmitoyl transferase-1, CPT-1), ZE2 &4 A A8l A4kt 5490 FAS 2 SEz=EHE AR
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Raw Garlic (RG)

Remove moisture

Water 10C, Salt 1/2C, Sugar 1/4C, Water lﬂC_, Salt 1/2C, Sugar 14C,
Vinegar 2C, Soy sance 2C add Vinegar 4C add

Ripen for 30 dayz Ripen for 30 days

Pickled Garlic (PG) Vinegar Pickled Garlic (VG)

Fig. 1. Manufacturing process of pickled garlic and vinegar pickled
garlic.
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Fig. 2. Effect of garlic extracts on the cell viability of 3T3-L1 preadipocytes. 3T3-L1 preadipocytes were treated with various
concentrations (0~500 ug/mL) of garlic extracts. (A) Cell viability of 3T3-L1 preadipocytes after 24 h. (B) Cell viability of 3T3-L1
preadipocytes after 48 h. (C) Cell viability of 3T3-L1 preadipocytes after 72 h. VG: vinegar pickled garlic, PG: pickled garlic, RG: raw
garlic, MDI: 0.5 mM 3-isobutyl-1-methylxanthin, 1 uM dexamethasone, 10 ug/mL insulin. All values are means of determinations
obtained in three independent experiments. Values are meanzstandard deviation. *Significantly different at P{0.05 compared with O

ug/mL by the t-test, for each time point.

Table 1. ICso Value of Pancreatic Lipase Inhibitory Activity of
Garlic Extract

Pancreatic lipase inhibition activity

Variables -
Fraction ICs0 (mg/mL)
VG n-Hexane 2.13+0.04°
Butanol 0.74+0.05°
Water 18.6720.29°
PG n-Hexane 1.7340.05°
Butanol 0.58+0.02°
Water 15.90+1.22¢
RG n-Hexane 1.40+0.02°
Butanol 0.52+0.02°
Water 13.64+0.18°
Orlistat 0.02+0.01°

ICs0: The concentration of the sample required for 50% inhibition,
VG: vinegar pickled garlic, PG: pickled garlic, RG: raw garlic.
All values are means measured in three independent experiments.
Values are meantstandard deviation.

Means with different superscripts in the columns (a~e) are
significantly different at P{0.05 by Duncan's multiple range test.
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Fig. 3. Inhibitory effects of garlic extract on lipid accumulation in differentiated 3T3-L1 preadipocytes using Oil red O staining. 3T3-L1
preadipocytes were treated with various concentrations (5~100 ug/mL) of garlic extracts. (A) Intercellular lipid droplets were stained with
Qil red O and observed at 20x magnification. (B) Quantification of lipid accumulation by eluting with isopropanol. (C) Intracellular triglyceride
contents. VG: vinegar pickled garlic, PG: pickled garlic, RG: raw garlic, Conc: concentration, MDI: 0.5 mM 3-isobutyl-1-methylxanthine,
1 uM dexamethasone, 10 ug/mL insulin. All values are means measured in three independent experiments. Values are meantstandard
deviation. Means with the same letter superscripts in the bars do not differ significantly at the 5% level.
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Fig. 4. Effect of garlic extracts on cAMP content of 3T3-L1
preadipocytes. The highest concentration (100 ug/mL) of garlic
extracts that did not cause cytotoxicity to 3T3-L1 preadipocytes
were evaluated. VG: vinegar pickled garlic, PG: pickled garlic,
RG: raw garlic, cAMP: cyclic adenosine monophosphate, MDI:
0.5 mM 3-isobutyl-1-methylxanthine, 1 uM dexamethasone,
10 wg/mL insulin. All values are means measured in three
independent experiments. Values are meantstandard deviation.
Means with the same letter superscripts in the bars do not
differ significantly at the 5% level.
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3T3-L1 cells. (B) Effect of VG, PG, RG on CPT-1 protein expression in 3T3-L1 cells. (C) Effect of VG, PG, RG on FAS expression
in 3T3-L1 cells. VG: vinegar pickled garlic, PG: pickled garlic, RG: raw garlic, AMPK: adenosine monophosphate—activated protein kinase,
CPT-1: carnitine palmitoyl transferase—1, FAS: fatty acid synthase, MDI: 0.5 mM 3-isobutyl-1-methylxanthine, 1 uM dexamethasone,
10 ug/mL insulin. All values are means measured in three independent experiments. Values are meanzstandard deviation. Means
with the same letter superscripts in the bars do not differ significantly at the 5% level.
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lipogenesis

p-oxidation

Fig. 6. Predictable mechanism of anti—obesity action of garlic
extracts in 3T3-L1 preadipocytes. AMPK is a nutrient sensor,
which is activated in response to low ATP levels, and an increased
ADP:AMP ratio. AC produces cAMP from ATP. High levels of
cytosolic cAMP lead to the activation of PKA. The expression
of activated AMPK and cAMP activates and deactivates various
factors. (+) Represents the path activated by AMPK and cAMP,
and (=) represents the deactivated path. AMP: adenosine
monophosphate, ADP: adenosine diphosphate, ATP: adenosine
triphosphate, AMPK: AMP-activated protein kinase, cAMP: cyclic
AMP, AC: adenylate cyclase, PKA: protein kinase A, HSL:
hormone-sensitive lipase, CPT: carnitine palmitoyl transferase,
SREBP: sterol regulatory element-binding transcription factor,
ACC: acetyl CoA carboxylase, FAS: fatty acid synthase, DAS:
diallyl sulfide, DADS: diallyl disulfide, DATS: diallyl trisulfide.
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Garlic
|
80% Methanol mix and extraction 1:10 (W/V)

3000 rpm, 10min
centrifugation

‘ Methanol layer ‘

Rotary evaporator

‘ Methanol extract ‘

n-Hexane/H20 (1:1)

| ]

Aqueous layer

‘ n-Hexane fraction ‘

Rotary evaporator

‘ Hexane extract ‘

[ ! Butanol extraction ‘

‘ Butanol fraction ‘ Butazol (1-1)

Rotary evaporator
FEEEEE ‘ Aqueous layer ‘

Rotary evaporator

‘ Butanol extract ‘

‘ ‘Water extract ‘

Appendix 1. Preparation of successive fractions from methanol extract of garlic samples.
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