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Fermented garlic extract (FGE) is a well-known functional food containing cycloalliin. Here we tested
if FGE has an effect on the vascular system. We found that FGE had an effect on monocytic adhesion
to endothelial cells, which occurs at the initial step of processes of inflammation. From dose-depend-
ent experiments, 0.1 to 1 pg/ml of FGE appeared to inhibit lipopolysaccharide (LPS)-enhanced hetero-
typic cell adhesion between THP-1 and BAECs. This result indicates that FGE blocks vascular
inflammation. Then we found that FGE activates eNOS and Akt in BAECs. The phosphorylation of
eNOS was maximally elevated 10 min after FGE treatment. Parallely, the phosphorylation of Akt was
also maximally increased 10 min after FGE treatment. Consistently, it was found that FGE enhanced
the production of nitric oxide. We then examined whether NO mediates THP-1 cell adhesion to
BAECs. Both Akt and eNOS inhibitors appeared to reverse an inhibitory effect of FGE. These findings
indicate that FGE inhibits LPS-enhanced heterotypic cell adhesion via Akt and eNOS. In conclusion,
FGE plays an important role in prevention of inflammatory diseases.

Key words : Akt, cell adhesion, eNOS, fermented garlic extract, nitric oxide
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Fig. 2. Fermented garlic extract inhibits lipopolysaccharide-induced heterotypic adhesion between BAECs and THP-1 cells. (A) BAECs
were serum-starved for at least 12 hr and treated with 0.1 or 1 ng/ml fermented garlic extract (FGE). Then cell proliferation
was detected by using WST-1 reagent. (B) FGE had no effect on cell migration. Serum-depleted BAECs were scraped immedi-
ately after treating cells with indicated concentrations of FGE. Then cells were additionally incubated for 24 hr and observed
under a microscope. (C) Cell migration was quantified by counting migrated cells in the same area. The bar graph represents
means + SE. (n=3). (D) Serum-depleted BAECs were pre-treated with 1 ug/ml lipopolysaccharide (LPS) with or without
indicated concentrations of FGE for 12 hr. Then Calcein AM-stained THP-1 cells were added into BAEC culture dishes.
After 1 hr incubation, non-adherent THP-1 cells were washed away with PBS. Subsequently, adherent cells were observed under
fluorescent microscope. (E) Adherent THP-1 cells were counted in the same field. Bar graph represents means + S.E. (n=3).
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HENZAG EAo) 248 #28 A3}, ERK, ]NK, p38
MAP kinase®] 242 1 ug/mle HEu=FE5 A 9
3 S WgE BF3A EotHth(data not shown).
HhEol Akt 3l eNOSO| 14t E S7HAIZ T Akt Y

g Ax75d 9&s st A eNOSY Upstream Blegs
¢ A AT12]. WA F AZATHE EASo] TErkE
FEEd Yot s E A2 LaAnsFEE0 B
oAl st e A fR7lse 2 lee AAE
T Adolth BantsrEEo] Astd L S AF T
sheAl @7] date] BansFEES AT § A XY
o AL E FA F AR, AstE A ko] 140%7HA 57}



+ wortmannin ¥ eNOS9| &4 & 9Al3= L-NAME A |
T RFAA LdansFEE0] A&dte AERAA 23
7} A5 T (Fig. 5). ol ¢ 22 A wavkse g £
A7 A LE BAA Yojds HAFE ol

B A7 E BEEFEEC] F UM v =
A 75 gotrgton, 1 Fox g 7o I F
o MAE HAMEFEEY FS FHHAT. Bants
FEES 28 WIAZY oY WstE FollA AstE L
ARE et g FALS 4 ANFHL, ol Han
EFEEC] AN & 4FH a4t oS RoET o
A AT ARE EUYE FEEFEES FYAHIE U F
FOdd 45 B3 Ag g el a7t e oo
As7t 2 & A& AT

2Ale| 2

B ETE 20168 E n&H3|eF FEAYS S5}

(CKI) S=tista Auo] o 2 AEAHFA A<
dEow FHPHAUS

References

1. Blankenberg, S., Barbaux, S. and Tiret, L. 2003. Adhesion
molecules and atherosclerosis. Atherosclerosis 170, 191-203.

2. Cellini, L., Di Campli, E,, Masulli, M., Di Bartolomeo, S. and
Allocati, N. 1996. Inhibition of Helicobacter pylori by garlic
extract (Allium sativam). FEMS Immunol. Med. Microbiol. 13,
273-277.

3. Chiu, W. C,, Chiou, T. ], Chung, M. J. and Chiang, A. N.
2016. B 2-Glycoprotein I inhibits vascular endothelial
growth factor-induced angiogenesis by suppressing the
phosphorylation of extracellular signal-regulated Kinase
1/2, Akt, and endothelial nitric oxide synthase. PloS One
11, e0161950.

4. Choi, K. B, Wong, F., Harlan, ]J. M., Chaudhary, P. M,,
Hood, L. and Karsan, A. 1998. Lipopolysaccharide mediates
endothelial apoptosis by a FADD-dependent pathway. J.
Biol. Chem. 273, 20185-20188.

5. Choi, W, Song, J., Park, M. H,, Yu, H. J. and Park, H. 2016.
Effect of fermented platycodon grandiflorum extract on cell
proliferation and migration in bovine aortic endothelial
cells. |. Life Sci. 26, 59-67.

6. Eelen, G., de Zeeuw, P., Simons, M. and Carmeliet, P. 2015.
Endothelial cell metabolism in normal and diseased
vasculature. Circ. Res. 116, 1231-1244.

7. Jansson, E. A, Huang, L., Malkey, R., Govoni, M., Nihlén,
C., Olsson, A., Stensdotter, M., Petersson, J., Holm, L.,
Weitzberg, E. and Lundberg, J. O. 2008. A mammalian func-
tional nitrate reductase that regulates nitrite and nitric oxide
homeostasis. Nat. Chem. Biol. 4, 411-417.

8. Jung, E. B, Choi, J. H, Yu, H. ], Kim, K. H,, Lee, S. K,
Hwang, Y. L. and Lee, S. H. 2013. Organosulfur compounds

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Journal of Life Science 2017, Vol.27. No. 5 559

in fermented garlic extracts and the effects on alcohol in-
duced cytotoxicity in CYP2E1-transfected HepG2 cells. |.
Kor. Soc. Food Sci. Nutr. 42, 342-347.

. Kim, H. K. 2016. Protective Effect of garlic on cellular sen-

escence in UVB-exposed HaCaT human keratinocytes.
Nutrients 8, 464.

Larijani, V. N., Ahmadi, N., Zeb, I, Khan, F., Flores, F. and
Budoff, M. 2013. Beneficial effects of aged garlic extract and
coenzyme Q10 on vascular elasticity and endothelial func-
tion: the FAITH randomized clinical trial. Nutrition 29, 71-
75.

Lee, H. S, Lim, W. C, Lee, S. J., Lee, S. H., Lee, ]. H. and
Cho, H. Y. 2016. Antiobesity effect of garlic extract fer-
mented by lactobacillus plantarum BL2 in diet-induced
obese mice. |. Med. Food. 19, 823-829.

Li, T, Li, D, Xu, H,, Zhang, H., Tang, D. and Cao, H. 2016.
Wen-Xin Decoction ameliorates vascular endothelium dys-
function via the PI3K/AKT/eNOS pathway in experimental
atherosclerosis in rats. BMC Complement. Altern. Med. 16, 27.
Oliveira-Paula, G. H., Lacchini, R. and Tanus-Santos, J. E.
2017. Clinical and pharmacogenetic impact of endothelial
nitric oxide synthase polymorphisms on cardiovascular
diseases. Nitric Oxide 63, 39-51.

Quaschning, T., Kocak, S., Bauer, C, Neumayer, H. H,,
Galle, J. and Hocher, B. 2003. Increase in nitric oxide bio-
availability improves endothelial function in endothelin 1
transgenic mice. Nephrol. Dial. Transplant 18, 479-483.
Seo, ]. H., Kim, ]J. M., Ahn, S. Y., Cho, J. G, Kim, ]. M.
and Park, H. Y. 2009. Effect of alliin on vascular functions.
J. Life Sci. 19, 976-982.

Singh, K. K., Matkar, P. N., Muhammad, S., Quan, A,
Gupta, V., Teoh, H., Al-Omran, M. and Verma, S. 2016.
Investigation of novel LPS-induced differentially expressed
long non-coding RNAs in endothelial cells. Mol. Cell
Biochem. 421, 157-168.

Sitia, S., Tomasoni, L., Atzeni, F., Ambrosio, G., Cordiano,
C., Catapano, A., Tramontana, S., Perticone, F., Naccarato,
P., Camici, P., Picano, E., Cortigiani, L., Bevilacqua, M.,
Milazzo, L., Cusi, D., Barlassina, C., Sarzi-Puttini, P. and
Turiel, M. 2010. From endothelial dysfunction to
atherosclerosis. Autoimmun. Rev. 9, 830-834.

Sobrevia, L., Ooi, L., Ryan, S. and Steinert, J. R. 2005. Nitric
oxide: a regulator of cellular function in health and disease.
Nat. Rev. Mol. Cell Biol. 6, 150-166.

Tousoulis, D., Kampoli, A. M., Tentolouris Nikolaos
Papageorgiou, C. and Stefanadis, C. 2012. The role of nitric
oxide on endothelial function. Curr. Vasc. Pharmacol. 10, 4-18.
Weiss, N., Papatheodorou, L., Morihara, N., Hilge, R. and
Ide, N. 2013. Aged garlic extract restores nitric oxide bio-
availability in cultured human endothelial cells even under
conditions of homocysteine elevation. ]. Ethnopharmacol. 145,
162.

Yao, H. W,, Zhu, X. Y., Guo, X. F. and Wang, H. 2016. An
amphiphilic fluorescent probe designed for extracellular vis-
ualization of nitric oxide released from living cells. Anal.
Chem. 88, 9014-9021.



560

BBULRIX| 2017, Vol. 27. No. 5

=5 g2UnM = R&sl= THP-10f st eEn=F8229 g1t
Aoy sxL - RIB? - gaig
(HFU D BAABES Akl o T2 ARAAEY AT / Uil Aol 28l T, YF el oA

o
=
il
>

& AE5HOZ cycloalling T3S 7154 A Fo2 de] 48A Utk £ AFE 53 ERANA Lant
EFEEC] o He s AeA Ldolrddth WA, BEMEFEE WIAEY BT FHL dAse AS
BHAAY. & Hstd BE 492, dansFEES 01 £ 1 ug/ml F5% HA g 841, LPSA| o3t
SeEE & s oA Zo @ekE s THP-19] #3o] dAH = A& FUstglth. @379 WoAz F3o
@SS 271D A Y AYH = A3 ZAE LHSY o9 2 A BansFEE] dd A5S AP
o & 5 A3, dantsFEEo] & dFH WA

eNOS9} Akte €4
4T, o9 FATA AE BaE
SeAs o WE ZHINE BERNEFEE
AAA AeE BEHEFE
LPS #5 AE 4 57t wavkss
Sjuldt AgHog, B

o
=2
lo
:oll_,‘

< dgstes Hol %4‘16& q9ds g & ¢ %E}.

mr
e
e
il
rlo



