pISSN 1229-1153 J. Fd Hyg. Safety
Vol. 28, No. 2, pp. 89~94 (2013)
http://dx.doi.org/10.13103/JFHS.2013.28.2.089

Journal of Food Hygiene
and Safety

Available online at http:/www.foodhygiene.or.kr

Inhibitory Effects of S-Allylmercaptocysteine Derived from Aged Garlic on

Cholesterol Biosynthesis in Hepatocytes

Seung-Taek Yang*

Department of Food Science and Biotechnology, Kyungsung University, Busan 608-736, Korea
(Received December 26, 2012/Revised January 10, 2013/Accepted March 12, 2013)

ABSTRACT - The present study was undertaken to elucidate the mechanisms underlying the cholesterol-lower-
ing effect of S-allylmercaptocysteine (SAMC) derived from aged garlic. Rat hepotocytes and HepG2 cells were used
to determine the short-term effects of SAMC on ['“C] acetate incorporation into cholesterol, and several enzymatic
steps. The cells were grown in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum and
treated with 20, 40, 60 and 80 pg/ml of SAMC. At concentration of 20~40 pg/ml, no significant cells viability effect
was noted during those incubation periods. However, at a concentration 60 pg/ml, cell viability decreased approxi-
mately 50% compared with the control. The treatment of cells with 5, 10, 15, and 20 pg/ml of SAMC resulted in a
marked of ['“C]-acetate incorporation into cholesterol. At concentration of 15 ug/ml, the cholesterol synthesis was
inhibited 79% in cells. The activities of lipogenic enzymes, fatty acid synthase (FAS), and glucose-6-phosphate dehy-
drogenase (G3PDH) were measured in culture hepatocytes treated with the inhibitors. The activity of FAS in cells
treated with 0.95 nmol SAMC was 19% lower than that of nontreated cells, and no affected G6PDH activity, 3-
hydroxy-3-methylglutaryl Co A activity was decreased at concentration dependant manner. The present study demon-

strates that SAMC is effective in inhibiting cholesterol biosynthesis.
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Infroduction

Many health-beneficial effects of garlic have been demon-
strated based on its diverse biological and pharmacological
effects observed experimental and clinically'?. Garlic and
its organosulfur compounds have been shown to reduce risk
factor for cardiovascular diseases”. Several garlic products
have been shown to decrease plasma cholesterol and triglyc-
eride levels in human*?, and animal®. A significant reduction
of cellular cholesterol synthesis also has been demonstrated
after exposing primary rat hepatocytes to garlic extracts,
allicin and ajoene”. The depression of activities of the chol-
esterogenic enzyme 3-hydroxy-3-methyl-glutaryl Coenzyme
A (HMG-CoA) reductase as well as the lipogenic enzymes
including glucose-6-phosphate dehydrogenase and malic
enzyme, by garlic compounds has been reported®”®. Its
therefore seems reasonable to postulate that hypolipidemic
effect of garlic and its compounds results from impaired
lipogenesis and cholesterogenesis.

One of the possible explanation for the discrepancy may
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stem from different ingredients of garlic or garlic prepar-
ations used in various studies”. Moreover, the active com-
pounds of garlic responsible for the putative lipid-lowering
effects are ill defined”. Raw garlic and garlic preparations
contains lipid-soluble thiosulfinates, thiosulfinate transform-
ation products, and sulfides. Among these compounds, allicin
and vinyldithiins have been suggested as potential lipid-
lowering agents'?. In addition, garlic in general, and aged
garlic extract in particular, contains a significant amount of
water soluble organosulfur compounds including S-alkenyl
cysteines and y-glutamyl-S-alkenyl cysteins'”. Some of these
water soluble organosulfur compounds, such as S-methyl-
cysteine sulfoxide and S-allylcysteine sulfoxide, are known
to reduce cholesterol levels in the liver and plasma'®.

S-allylmercaptocysteine content in the intact garlic is
small (not more than 30 pg/g-fresh weight), however, this
compound is increased in a aging procedure through
hydrolysis of y-glutamyl-s-allylcysteine, which exists in raw
garlic as a precursor of S-allylamino compound'?. Thus, the
physiologic role of S-allylmercaptocysteine is largely un-
known, despite the fact that S-allylmercaptocysteine is the
major metabolite of aged garlic compounds'”.

Recently, S-allylmercaptocysteine, water soluble a sulfur-
containing amino acid derived from aged garlic, have been
reported antiproliferative'”, apoptosis'®, and prostate, colon
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and breast cancers'®

Despite extensive studies on understanding the effects of
aged garlic on human lipid metabolism, little is known about
the mechanisms underlying possible hypotriglyceridemic
action of water soluble organosulfur compound.

The goal of the present study was to determine whether
S-allylmercaptocysteine suppresses cholesterol and glycerol
lipid biosynthesis in hepatocytes in primary culture. To find
out the nontoxic level of S-allylmercaptocysteine, the cyto-
toxicity was also determined at various concentration of S-
allylmercaptocysteine. The human hepatoma-derived cell
line HepG2 was chosen for the present study because these
cells retain many normal hepatic metabolism functions
including lipoprotein synthesis and cholesterol metabolism.

Materials and Methods

Materials

S-allylmercaptocysteine (85% S-allylmercaptocysteine, 10%
methylmercaptocysteine, 5% S-allylpropenylcysteine was
provided by Sejong University. HepG2 (the human hepa-
toma cell) was obtained from America Type cell Culture
(Rockville, MD, USA). Radioactive substrates were pur-
chased from Amersham Corp (Arlington Heights, IL, USA).
Dulbecco's modified Eale's medium (DMEM), fetal bovin
serum (FBS) and antibiotics were the products of GIBCO
(Grand Island, NY, USA). Trypsin, ethylene diamine tetra
acetic acid (EDTA), Bovine Serum Albumin (BSA), and the
enzymatic cholesterol reagent kit were obtained from Sigma
chemical Co. (St. Louis, MO, USA). All other chemicals
and solvents were analytical grade.

Cell culture

The cells were grown in Dulbecco's modified Eagle's
medium (DMEM) supplemented with 10% FBS, and anti-
biotics (100 units penicillin/mL and 100 pg/mL streptomycin).
Stock cultures were maintained T-flask at 37°C under at-
mosphere of 95% air and 5% CO,. The growth medium was
removed and the cells were washed twice with Ca*", Mg*'-
free balanced Hank's set solution (BHSS). The cell were
harvested by trypsinization, added immediately to DMEM
containing 10% fetal bovine serum (FBS) to inhibit the
tryptic activity, and centrifuged at 600xg to sediment cells.
Aliquot of cell suspension in the growth medium (2.2 x
10* cells) were seeded and grown in T-25 flask.

Cytotoxicity of S-allylmercaptocysteine

The HepG2 cells (1.0 x 10*mL) were seeded into each
well of 24 well culture plates and grown in DMEM con-
taining 10% FBS for 48 hr. By the time, a dense monolayer
had formed. The cells were then incubated with I mL of the

serum-free medium containing different concentrations of S-
allylmercaptocysteine 20, 40, 60, 80 and 100 pg/mL) for 12
and 24 hr. The cells then were detached using a solution of
0.005%-trypsin-EDTA in BHSS and were immediately re-
suspended in DMEM supplemented with 10% FBS to
inhibit the tryptic activity. The cells numbers were counted
using a hemocytometer, and nonstained cells were scored a
viable.

Fatty acid/albumin mixture solution

A stock solution of a fatty acid/albumin mixture was pre-
pared under aseptic conditions'”. Briefly, 20 umoles of so-
dium oleate, was dissolved in 1 mL of sterilized water at room
temperature. Five pmoles (30 mg) of BSA was dissolved in
4 mL of DMEM. The fatty acid solution was then added to
the BSA solution dropwise while stirring. The fatty acid/
albumin solution prepared was optically clear. The molar
ratio of fatty acid to albumin was kept at 4:1.

Incorporation of "C-acetate into cholesterol and fatty

acid

The cells were grown in DMEM containing 10% FBS at
day 6, cells were washed twice with HBSS. The cells were
then incubated with 3 mL of serum free DMEM containing
3 uCi of "C-acetate and various concentrations of S-allyl-
mercaptocysteine.

In another study, the cells were incubated with 3 mL of
the serum-free DMEM containing 1 mM of oleic acid/albu-
min mixture, 100 mg of S-allylmercaptocysteine, and 3 pCi
of “C-acetate. After 4 hr of incubation, the medium was
collected and stored at —20°C. The cells were washed twice
with BHSS, harvested by trypsinization, and centrifuge at
2,000 rpm for 5 min at 4°C and sonicated with an ultrasonic
cell disrupter. The lipid from homogenate and medium were
extracted by the method of Folch et al'®. After saponification
the lipids were extracted and were separated on silica gel
plates as developing solvents. The cholesterol and fatty acid
bands were visualized by exposure to iodine vapor. The
cholesterol and fatty acid bands were then cut into vials and
the radioactivity counted in a Beckman scintillation counter
(Model LS 5800, U.S.A).

Preparation of microsomal fraction

Microsomal fractions were prepared from liver tissue
obtained from Sprague-Dawley rats (220~270 g). The tissues
homogenized in the buffer containing 30 mM EDTA, 70
mM NaCl, 10 mM dithiothreitol and 50 mM potassium
phosphate buffer (pH 7.4). Homogenates were centrifuged
at 15,000xg for 30 min. This pellet containing heavy micro-
somes was resuspended in the homogenizing buffer and was
washed by recentrifuging at 100,000xg for 30 min. The final
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pellets was used as the microsomal fraction for assay of
enzymes.

Determination of enzyme activities

The cells were cultured in 60 mm diameter culture dishes
plated with 3.0 x 10° cell/dishes. The medium was removed,
and the cells were washed 3 times with ice-cold phosphate
buffered saline. The dishes were placed on ice and immedi-
ately the following were added: 0.5 mL of potassium phos-
phate buffer (PPB, 100 mmol/L, pH 7.4) containing sucrose,
250 mmol/L: EDTA, 1 mmol: and dithiothreitol (PTT), 1
mmol. The supernatant obtained was used to determine the
enzyme activities and protein concentration. Fatty acid syn-
thase activity was determined by the method of Nepokroeff
et al.'” in PPB (500 mmol/L, pH 7.0) containing malonyl
CoA, 0.1 mmol/L; acetyl CoA, 0.05 mmol/L; NADPH, 0.1
mmol/L; EDTA, 1 mmol/L; and DTT 5 mmol/L. The reaction
was initiated by the addition of 0.1 mL malonyl CoA to a
final volume of 1 mL, and the rate of oxidation of NADPH
was monitored at 340 nm by using spectrophotometer
(Beckman Du-50LS 5801, Beckman Instrument).

Glucose 6-phosphate dehydrogenase (G6PDH) was mea-
sured by the methods of Deutsch®. The reaction mixtured
contained Tris C-buffer (100 mmol/L), NADP (0.4 mmol/
L), MgCI2 (5 mmol/L), and glucose 6-phosphate (G-6-p) (5
mmol/L). The reaction was initiated by the addition of 0.1
mmol/L of G-6-P to a final volume of 1 mL. The reaction
of NADP was monitored at 340 nm by using spectrophoto-
meter (Beckman Du-5025 5801, Beckman Instrument). The
specific activity of enzymes was defined as nmol NADPH
oxidized/mg protein/min for FAS and nmol NADP reduced/
mg protein/min for GGPDH. HMG-CoA reductase was mea-
sured by the methods of Shapiro, et al.*" Cellular protein was
determined by the method of Lowry et al.”

Statistics

Data are shown as the mean + standard error of means
(SEM). The data were evaluated statistically, using student's
t-test or one-way analysis of variance the groups at p value
of less than 0.05.

Results and Discussion

Fig. 1 is shown the effect of various concentration of S-
allylmercaptocysteine on viability of HepG2 cells during
incubation times at 12, and 24 hr. At concentration up to
100 pg/mL, no significant cytotoxic effect was noted during
the 12 and 24 hr incubation periods. Average viable cells
counts (1.0 x 10°/mL) in those concentrations in those con-
centrations (20~100 pg/mL) were 125 + 5.2/control at 12 hr,
and 110 £ 12.6/control at 24 hr. At concentration of 60 pg/

mL, cell viability decreased approximately 50% compared
with the control (P < 0.05) in all two incubation times at 12,
and 24 hr compared with the control. When the monolayer
of cells were examined under the light microscope, the cells
appeared normal at concentration up to 80 pg/mL. At 40, and
60 ng/mL, however, morphological abnormalities including
cellular disinteglation were very apparent. Base on cell
viability and morphologic appearance, concentration up to
60 pg/mL were used as nontoxic levels of S-allylmer-
captocysteine.

The ingestion of high amounts of garlic and garlic extracts
has been reported to cause toxic effects on the liver or the
function of liver enzymes. Gebhardt et al” reported that the
cytotoxity of cell death occurred at the concentrations above
allicin (80 uL/mL), and ajoene (234 pL/mL).

Although the mechanism of garlic indeed cytoxity is not
clearly understood, it has been suggested that ajoene could
interfere with cellular sulfur hydryl (SH) hoemeostasis by et
affecting the glutathione (GSH) cycle through oxidation of
GSH by the sulfoxide grow®.

Inhibition activities of S-allylmercaptocysteine on fatty
acid synthase FAS and glucose-6-phosphate dehydrogenase
(G6PDH) were shown as Table 1. The inhibition on fatty
acid biosynthesis led to determine the effects of S-allyl-
mercaptocysteine on the activities of lipogenic enzymes in
HepG2. The cells were incubated with S-allylmercapto-
cysteine at the various concentrations. The activity of FAS
in HepG2 cells treated with 4.0 mmol/L S-allylmercapto-
cysteine was 31% lower than that of control (Table 1).

On the other hand, S-allylmercaptocysteine depressed the
activity of GOPDH. This data suggest that fatty and synthnase

Cell viability(% of control)
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S-allylmercaptocystein, pg/mL

Fig. 1. Effects of S-allylmercaptocysteine on cell viability of
HepG2 cells. The cells were incubated in a serum-free DMEM
containing 20, 40, 60, 80 or 100 png/mL of S-allylmercaptocys-
teine for 12 and 24 hr. Data are expressed as a percentage of the
control and represent means + SEM of six samples. “Significant
difference from controls at P < 0.05.
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Table 1. Inhibition activities of S-allylmercaptocysteine (SAMC)
on fatty acid synthetase (FAS) and Glucose-6-phosphate dehydro-
genase (G6PDH) in HepG2 cells

Concentration

a) a)
Compounds (mmol/L) FAS G6PDH
0 3.70£0.27 36.63+0.72
0.95 3.00+0.20" 35.05+0.67
SAMC 2.0 254+031°  31.54+0.76"
4.0 2.53+0.24 32.40+0.82

“The specific activity of enzyme is defined as mmol NADPH oxi-
dizing/mg protein/min for FAS and nmol of NADP reducing/mg
protein/mg protein/min for GOPDH. Data represent means + SEM
of six sample. “Significant difference from control (nontreated)
group, P <0.05

depressed by the organic disulfur chain of S-allylmercapto-
cysteine. Earlier animal studies by other investigators showed
that garlic supplemented diets decreased activities of not
only lipogenic FAS but also G6PDH®. The reason for the
discrepancy in G6PDH activity observed between the present
study and that of others is not readily understood. The marked
inhibition on fatty and biosynthesis led us to determine the
effects of organosulfur compounds on the activities of
lipogenic enzymes in cultured hepatocytes”. However, it is
important point out that S-allylmercaptocysteine derived
from aged garlic were used in the present in vitro experiment
as compared with various garlic extracts fed to animal”.
Garlic extracts used in the studies contained not only S-
allylmercaptocysteine, but also water soluble and fat soluble
sulfur containing compounds”.

The incorporation of ["C] acetate into cholesterol was
taken as a measure of cholesterol (Fig. 2). S-allylmercapto-
cysteine were tested for inhibition potency on cholesterol
synthesis in cultured HepG2 cells. The treatment of cells at
concentrations of 5, 10, 15, 20, 25 and 30 pg/mL of S-
allylmercaptocysteine resulted in apparent inhibition of [**C]-
acetate incorporation into cholesterol in cells. S-allylmer-
captocysteine exerted a concentration-dependent inhibition
of cholesterol synthesis. At a concentration of 5 ug/mL, "“C-
acetate incorporation into cholesterol was inhibited approxi-
mately 20% compared with then control (P <0.05). The
average inhibition of cholesterol synthesis was 30%, 50%,
60%, and 65% with concentrations of 15, 20, 25 and 30 pg/
mL, respectively (P < 0.05). In present study, the treatment
of cells with S-allylmercaptocysteine resulted in a signi-
ficant inhibition of cholesterol synthesis. The inhibitory
effect of cholesterol by S-allylmercaptocysteine was at the
concentration-dependent manner and even at the concen-
tration of 10 pg/mL, the cholesterol synthesis decreased
approximately 30% compared then the control. These results
suggested that organosulfur compounds exerts an inhibitory
effect on cholesterol synthesis in rat hepatocytes. The
inhibition of "C-acetate incorporation into cholesterol by S-
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Fig. 2. Inhibition effects of S-allyl-mercaptocyteine on cholesterol
synthesis in HepG2 cells. The cells were incubated in a DMEM
medium containing various concentration of S-allylmercaptocys-
teine and '“C-acetate (1 nCi/mL) for 4 hr. Data are expressed as a
percentage of the control. Data represent mean = SEM of six sam-
ples. “Significant difference from control at P < 0.05.
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Fig. 3. Effects of S-allylmercaptocysteine on inhibition of HMG-
CoA reductase of rat hepatocytes. Different concentrations of S-
allylmercaptocysteine were preincubated with microsomal suspen-
sions for 15 min at 37°C. The assay was carried out under standard
conditions. Data represent mean + SEM of six Samples. “Signifi-
cant difference from control at P < 0.05.

allylmercaptocysteine could be due to the decreased activity
of HMG-CoA reductase, because water insoluble garlic
sulfur compounds, allicin, and ajoene have been shown to
lower the activity of HMG-CoA reductase in rat hepato-
cytes’?, and the formation of protein internal disulfides,
which are inaccessible for reduction by thiol agents, has
been indicated to be the cause of this inactivation®.
S-allylmercptocysteine was also appeared to inhibit HMG-
CoA reductase in at concentration-dependent fashion in rat
hepatocytes (Fig. 3). Maximun inactivation of microsomes
with the disulfide for a few minutes for HMG-CoA re-
ductase, a concentration- dependent inhibition was found
starting at the concentration as low as 0.5 pg/mL. The nature
of this inhibition by garlic disulfide is presumed to be due



Inhibitory Effects of S-Allylmercaptocysteine Derived from Aged Garlic on Cholesterol Biosynthesis in Hepatocytes 93

to rearrangement of thiol-disulfide group. Two other possi-
bilities exist for the inactivated form; a mixed disulfide of
allyl-S-S-protein or an internal protein disulfide. In either
case the disulfide formed must be inaccessible for reduc-
tion®”, Then this compound must be absorbed intact and
reach the liver and the endoplasmic reticulum for inhibition
of HMG-CoA reductase which then explains its capability
for lowering plasma cholesterol concentration® and its
therapeutic value in atherosclerosis. Being a natural food
constituent, resistant to reduction by cellular thiol compound,
S-allylmercaptocysteine will be able to regulate cholesterol
biogenesis by irreversible inactivating HMG-CoA reductase,
a disintinctive property of this disulfide. Its regulation
represents the physiological process and S-allylmercapto-
cysteine is likely to be an effective dietary agent in
controlling the activity of HMG-CoA reductase. The present
findings concluded that S-allylmercaptocysteine inhibited
the biosynthesis of cholesterol in hepatocytes thus contribut-
ing to the reduction of serum cholesterol. Although it is
rather difficult to interpret the relevance of current data to
dietary effect of garlic S-allylmercaptocysteine, which is a
major metabolite of garlic compounds circulating in the
blood, could be partly responsible for the cholesterol-low-
ering effect of garlic. Fresh garlic is famous for its char-
acteristic odor, arising from allicin, therefore, aged garlic is
an odorless product resulting from prolonged aging of fresh
garlic oil soluble sulfur garlic compounds in fresh garlic
appears to be due to toxisity as revealed by increased lactate
dehydrogenase from exposed hepatocytes'”. Water soluble
sulfur compounds in aged garlic were not cytotoxic. An array
of water soluble constituent, S-allylmercaptocysteine, may
account for the reduced toxicity of the aged garlic compared
fresh garlic.

2 o

s &4 £ AAEE S-allylmercaptocysteine] |2~
HE A A a3t thste] HepatocytesS ©]-8-3}¢]
ZAYEFA T HepG2 cells= Dulbecco's modified Eagle's
medium (DMEM)®l| 8]%F3le] S-allylmercaptocysteine®] &
=5 20, 40, 60, 80 2 100mL & 7tz F7Fsled cell
viabilityS Ao ¥ A3} 20~40 pgmLAl A& Ekom,
60 pg/mL F5=04 oF 50%7} 421 = AT}, S-allylmercapto-
cysteineS 5, 10, 15 2 20 uyg/mL FE=Z ["“C]-acetate-
cholesterolol|4] #2]8}3-& 9 15 pg/mL F%4 choles-
terol A /3ol 79%= AAFHATE Fatty acid synthase2]
24 0.95 nmolol A 19%2] JA &S JeEp AL,
Glucose 6-phosphate dehydrogenase (G6PDH)2] &A=
Aol F&FS wXA| Ut S-allylmercaptocysteine®] 3-
hydroxy-3-methylglutaryl CoA (HMG-CoA) reductase®] &

e & oEY o as)h o) Ax= Hol v}
5 54 FAHNN AAEE F2 AE S-allylmercapto-
cysteine> 7+ A oA cholesterol®] R3S Al sHE=H
NEts Ao Z VRt

Acknowledgement

This research was supported by Kyungsung University
Research Grants in 2013.

References

1. Koch, H. P. and Lowson, L. D. (Eds.). : Garlic: The Science
and Therapeutic Application of A/lium sativum L. and Related
Species, 2nd Edition. Williams & Wilkins, Baltimore. pp. 1-
329 (1996).

2. Amagase, H., Petesch, B. L., Matsuura, H., Kasuga, S. and
Itakura, Y. : Intake of garlic and its bioactive components : a
review. J. Nutr. 131, 955-962 (2001).

3. Campbell, J. H., Efebdy, J. L., Smith, N. J. and Campbell, G.
R. : Molecular basis by which garlic suppresses atherosclero-
sis. J. Nutr: 131(3 Suppl.), 1006S-1009S (2001).

4. Yeh, Y. Y. and Yeh, S. M. : Garlic reduces plasma lipids by
inhibiting hepatic cholesterol and triacylglycerol synthesis.
Lipids 29, 189-193 (1994).

5. Gebhardt, R. : Multiple inhibitory effects of garlic extracts
on cholesterol biosynthesis in hepatocytes. Lipids 28, 613-
619 (1993).

6. Augusti, K. T. and Mathew, P. T. : Lipid lowering effect of
allicin (diallyl disulphide-oxide) on long term feeding to nor-
mal rats. Experientia 30, 468-470 (1974).

7. Gebhardt, R., Halgund, B. and Wagner, K. C. : Inhibition of
cholesterol biosynthesis by allicin and ajoene in rat hepato-
cytes and HepG2 cells. Biochim. Biophy. Acta 1213, 57-62
(1994).

8. Qureshi, A. A., Naji, A., Zafeer, Z. D., Charles, E. E. and
Warren, C. B. : Inhibition of cholesterol and fatty acid bio-
synthesis in liver enzymes and chicken hepatocytes by polar
fractions of garlic. Lipids 18, 343-348 (1993).

9. Yeh, Y. Y. and Liu, L. : Cholesterol-lowering effect of garlic
extracts and organosulfur compounds: human and animal
studies. J. Nutr: 131(3 Suppl.), 989S-993S (2001).

10. Gardner, C. D., Lawson, L. D., Block, E., Chatterjee, L. M.,
Kiazand, A., Balise, R. R. and Kraemer, H. C. : Effects of raw
garlic vs. commercial garlic supplements on plasma lipid con-
centrations in adults with moderate hypercholesterolemia : a
randomized clinical trial. Archives of Inter. Med. 167, 346-353
(2007).

11. Amagase, H. : Clarifying the real bioactive constituents of
garlic. J. Nutr: 136(3 Suppl.), 716S-725S (2006).

12. Liu, L. and Yeh, Y. Y. : Inhibition of cholesterol biosynthesis
by organosulfur compounds derived from garlic. Lipids 35,
117-203 (2000).

13. Kochm, H. P. and Lowson, L. D. Eds, : Garlic : The Science



94

14.

15.

16.

17.

18.

19.

Seung-Taek Yang

and Therapeutic Application of Allium sativum L.; Related
species; Williams and Wilkins; Baltimore, MD. (1996).
Shirin, H., Pinto, J. T., Kawabata, Y., Soh, J., Delohery, T.,
Moss, S. F. Murty, V., Rivlin, R. S., Holt, P. R. and Weinstein,
1. B. : Antiproliferative effects of S-allylmercaptocysteine on
colon cancer cells when tested alone or in combination with
sulindac sulfide. Cancer Res. 61, 725-731 (2001).

Xiao, D., Pinto, J. T., Soh, J., Degucdhi, A., Gundersen, G. G,,
Palazzo, A. F., Yoon, J., Shirin, H. and Weinstein, I. B. : Induc-
tion of apoptosis by the garlic-derived compound S-allylmer-
captocysteine (SAMC) is associated with microtubule depoly-
merization and c-Jun NH2-terminal kinase activation. Cancer
Res. 63, 6825-6837 (2003).

Sigounas, G., Hooker, J., Angnostou, A. and Stein, M. : S-
allylmercaptocysteine inhibits cell proliferation and reduces
the viability of erythroleukemia. breast and prostate cancer
cell lines. Nutr. and Cancer 27, 186-191 (1997).

Dokko, R. C., Cho, B. H. S. and Chung, B. M. : Cellular
uptake of stearic, oleic, linoleic, and linolenic acid and their
effects on synthesis and Secretion of lipid in HepG2 cells. Int.
J. Biochem. & Cell Biol. 30, 65-76 (1998).

Folch, J., Lees, M. and Sloane Stanley, G. H. : A simple
method for the isolation and purification of total lipids from
animal tissues. J. Biol. Chem. 226, 497-510 (1957).
Nepokroeff, C. M., Lakshmanan, M. R. and Porter, J. W. :
Fatty acid synthase from rate liver. Methods Enzymol. 35,37-
44 (1975).

20.

21.

22.

23.

24.

25.

26.

Deutsch, J. : Glucose-6-phosphate Dehydrogenase, in Meth-
ods of Enzymatic Analysis, 3rd edn. (Bergmeyer, H. U., Berg-
meyer, J. and Grassl, M. eds.), pp. 190-196, Verlag Chemie,
Weinheim (1983).

Shapiro, D. J., Nordstorm, J. L., Mitschelen, J. J., Rodwell,
V. W. and Schimke, R. J. : Micro assay for 3-hdyroxy-3-
methylglutaryl-CoA reductase in rat liver and in L-cell fibro-
blasts. Biochim. Biophys. Acta 370, 369-377 (1974).

Lowry, O. H., Rosebrough, N. J., Farr, A. L. and Randall, R.
J.: Protein measurement with the folin phenol reagent. J.
Biol. Chem. 193, 265-275 (1951).

Schargenberg, K., Ryll, T., Wagner, R. and Waguer, K. G. : In-
juries of cultivated BJA-b cells by ajoene, a garlic-derived nat-
ural compound : cell viability, glutathione metabolism, and
pools of acidic amino acids. J. Cell Physiol. 158, 55-60 (1994).
Gebhardt, R. : Amplication of palmitate induced inhibition of
cholesterol biosynthesis in cultured rate hepatocytes by garlic
derived organosulfur compounds. Phytomedicine 2, 29-34
(1995).

Kumar, R. V. O., Banerji, A., Kurup, C. K. R. and Ramasarma,
T. : The nature of inhibition of 3-hydroxy-3-methyl glutaryl
CoA reductase by garlic derived diallyl disulfide. Biochim.
Biophys. Acta 1078, 219-225 (1991).

Cappel, R. E. and Gilbert, H. F. : The effects of mevinolin on
the thiol/disulfide exchange between 3-hydroxy-3-methylgl-
utaryl-coenzyme A reductase and glutathione. J. Bicl. Chem.
264, 9180-9187 (1989).



