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Effect of Alliin on Vascular Functions. Jeonghwa Seo, Jeongmin Kim, Sunyoung Ahn, Jingu Cho,
Jongmin Kim and Heonyong Park*. Department of Molecular Biology & Institute of Nancsensor and
Biotechnology, BK21 Graduate Program for RNA Biology, Dankook University, 126, Jookjeon-dong Suji-ku,
Yongin-si, Gyeonggi-do 448-701, Karea - Little is known about the cardiovascular roles of alliin, a func-
tional component in garlic that has been used as food material. Thus, we examined a broad range
of cardiovascular activities of alliin in this study. From our in vitro experiments, alliin was determined
to act as a stimulant to induce endothelial cell proliferation and endothelial cell migration. Since endo-
thelial cell proliferation and migration are highly associated with angiogenesis and wound healing,
alliin is suggested as a regulator to control angiogenesis and wound healing. In addition, alliin was
elucidated to prevent lipopolysaccharide (LPS)-induced adhesion of THP-1 leukocytes to endothelial
cells and LPS-induced homotypic THP-1 cell aggregation. These inhibitory effects indicate that alliin
is likely to act as an anti-atherosclerotic and anti-thrombotic factor, because leukocytic adhesion to en-
dothelial cells and homotypic leukocyte aggregation are highly associated with atherosclerosis and
thrombosis, respectively. Our additional findings show that alliin has no effect on the production of
nitric oxide (NO), an important vasoregulator. In conclusion, alliin is suggested as a regulator for con-

trolling various cardiovascular functions.
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ECE-1:
5-CCACAAGACTGCCCCCTCCAT-3" (forward)
5-GCCCCAACACCCATCAGAGTTG-3 (reverse)
eNOS:
5-TGACAAGCCGTATACGTACCCAGA-3" (forward)
5-CGGTAGAGCCATAGTGGAATGACA-3 (reverse)
GAPDH:
5-CCAACGTGTCTGTTGTGGATCTGA-3" (forward)
5-CAACCTGGTCCTCAGTGTAGCCTA-3 (reverse)
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Fig. 1. Alliin increases [SH]-Thymidine incorporation. BAECs
were serum-starved for 24 hr and treated with none or
various concentration of alliin. Then the cells were in-
cubated with 1 microCi/ml [3H]—Thymidine and washed
thoroughly with ice-cold 5% TCA. After cell lysis,
[’H]-Thymidine incorporation was monitored by
radioactivity. Data were plotted on the bar graph
(meantSE, n=3). *P<0.05, **P<0.01
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Fig. 2. Alliin decreases endothelial cell apoptosis. A. Confluent
BAECs were starved for 16 hr and then the cells were
incubated for additional hours (24 hr) with none or vari-
ous concentration of alliin. Then the apoptotic cells
(round shrunken cells) were counted under a microscope.
The bar graphs represent the percentage of apoptotic
cells (mean+SE, n=3). *P<0.05, **P<0.01. B. Cell apoptosis
was confirmed by the caspase-3 activity. Starved cells
that were treated with indicated concentrations of alliin
were lysed. Proteins of the lysed cells were resolved by
SDS-PAGE, electrotransferred to PVDF membranes and
immunoblotted with antibodies specific for caspase-3.
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Fig. 3. Alliin inhibits LPS induced adhesion of leukocytes to
endothelial cells. BAECs were starved for at least 16 hr
and then cells were treated for 6 hr with none, 1 pg/ml
of LPS with indicated concentrations of alliin. Before

adding THP-1 cells to endothelial cells, THP-1 cells
(5-6x10° cells/ml) were stained with 10 M Calcein AM.
Then, THP-1 cells were aliquot into the BAEC culture
dishes. After 1 h additional incubation, adherent cells
were observed under the fluorescent microscope in pan-
el A. Bar graphs in panel B show the adherent cells in
the same field (mean+SE, n=3). *P<0.05

A

o 3501 Alliin
2 3007 + —e— Control
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Fig. 4. Alliin induces endothelial cell migration. Confluent
BAECs were incubated with none, 20% FBS or the in-
dicated concentration of alliin after synchronized with
2 mM thymidine for 24 hr. Then the cells were wound-
ed with a scraper and additionally incubated for vari-
ous hours. We then observed the migrated cells under
a microscope. Representative pictures were shown in
panel A. Then we counted the migrated cells in the
same visual field. In panel B, data were plotted on line
graphs (meantSE, n=5).
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Fig. 5. Alliin inhibits LPS-induced THP-1 aggregation. THP-1
cells were starved in the starvation media for 12 hr, and
treated with alliin for the indicated periods (0, 2, 4, 8
hr). The homotypic aggregation of THP-1 cells was ob-
served under a microscope.
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eNOS Alliin (uM)
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eNOS | o e
GAPDH

Actin | S———
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Time(h) 0 2 4 8 16

NO Production
(% of Control)

P N OuM 01pM 1pM 10 pM 20 pM

Fig. 6. Alliin inhibits the eNOS expression and has no effect
on the acute NO production of endothelial cells. A.
Confluent BAECs were starved in the starvation media
for 16 hr, and treated 1 pM alliin for the indicated peri-
ods (0, 2, 4, 8, 16 hr). Then, mRNA was purified and
used as a template for RT-PCR. RT-PCR was performed
as described in materials and methods. B. Starved cells
that were treated with indicated concentrations of alliin
were lysed. Proteins of the lysed cells were resolved by
SDS-PAGE, electrotransferred to PVDF membranes and
immunoblotted with antibody specific for eNOS. C.
BAECs were incubated for 15 min with none, 150 nM
SNAP or the indicated concentration of alliin in HEPES
after serum starved. Then the cells were reacted with
100 nM DAF-2. Production of NO was examined by
DAF fluorescence. Data was plotted on the bar graph
(mean+SE, n=5).
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