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Protective Effect of Garlic (Allium sativum L.) Extracts Prepared by Different
Processing Methods on DNA Damage in Human Leukocytes
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Abstract

DNA damage including base modifications, loss of base and breaks in DNA strands can occur by exposure
to irradiation, smoking and several components of food. Unrepaired DNA damage is known to lead to cellular
dysfunction, cell death, cancer, and other diseases such as arteriosclerosis and diabetes. The protective effect
of garlic on oxidative stress induced DNA damage has been reported recently. In this study, we investigated
the protective effect of garlic extracts prepared by different processing methods (raw garlic extracts, RGE;
grilled garlic extracts, GGE; pickled garlic extracts, PGE) on leukocytic DNA damage using comet assay. Human
leukocytes were incubated with ethanol and methanol extract of garlic at various concentrations (1, 5, 10, 50
ug/mL), followed by oxidative stimuli (200 uM H>O2 or 200 yM 4-hydroxynonenal (HNE)). The methanol and
ethanol extracts of RGE, GGE, and PGE showed inhibitory activities of DNA damage induced by H20O2 or HNE.
Especially methanol extract of RGE (EDsp; 13.3 ug/mL) had a higher antigenotoxic effect on H2O2 induced DNA
damage than those of GGE (23.5 yg/mL) or PGE (24.5 yg/mL). HNE induced DNA damage tended to be effectively
inhibited by the lower concentration of all garlic extracts. Therefore, garlic might have protective effects against
oxidative DNA damage regardless of processing methods (raw, grilled, pickled) which are the general consumed

forms of garlic in Korea.
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Fig. 1. The effect of supplementation in vitro with different concentrations of garlic extracts on 200 yM H20: induced DNA
damage in human leukocyte. A, 1 pg/mL ethanol or methanol extracts prepared by different processing methods; B, 5 ug/mL ethanol
or methanol extracts prepared by different processing methods; C, 10 pug/mL ethanol or methanol extracts prepared by different processing
methods; D, 50 ug/mL ethanol or methanol extracts prepared by different processing methods. NC, negative control (without oxidative
stimulus); PC, 200 uM HNE treated positive control; RGE, raw garlic extracts; GGE, grilled garlic extracts; PGE, pickled garlic extracts.
Values not sharing the same letter are significantly different from one another (p<0.05) by Duncan’s multiple range test.
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Fig. 2. Comparison of the antigenotoxic activities of garlic
extracts prepared by different processing methods on 200 yM
H202 induced DNA damage in human leukocyte. The values
were calculated as the sum of all concentrations from methanol
and ethanol extracts of RGE, GGE, and PGE. NC, negative control
(without oxidative stimulus); PC, 200 uM H-0- treated positive
control; RGE, raw garlic extracts; GGE, grilled garlic extracts;
PGE, pickled garlic extracts. Values not sharing the same letter
are significantly different from one another (p<0.05) by Duncan’s
multiple range test.
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Fig. 3. Comparison of the antigenotoxic activities of garlic
extracts in human leukocytes assessed by the estimated dose
that would result in a 50% reduction in oxidative DNA
damage (EDso) from 200 pM H202. RGE, raw garlic extracts;
GGE, grilled garlic extracts; PGE, pickled garlic extracts.
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Fig. 4. Micrographs representing images obtained from the comet assay. A, without oxidative stimulus; B, 200 uM H20O: treated
positive control; C, RGE 1 pg/mL+H:Os; D, RGE 5 ng/mL+H:02 E, RGE 10 pg/mL+H:Os; F, RGE 50 pug/mL+H0.. RGE, raw garlic

extracts.
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Fig. 5. DNA damage induced by different concentrations of
HNE. Values not sharing the same letter are significantly dif-
ferent from one another (p<0.05) by Duncan’s multiple range test.
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Fig. 6. The effect of supplementation in vitro with different concentrations of garlic extracts on 200 yM HNE induced DNA
damage in human leukocyte. A, 1 ng/mL ethanol or methanol extracts prepared by different processing methods; B, 5 ug/mL ethanol
or methanol extracts prepared by different processing methods; C, 10 pg/mL ethanol or methanol extracts prepared by different processing
methods; D, 50 ug/mL ethanol or methanol extracts prepared by different processing methods. NC, negative control (without oxidative
stimulus); PC, 200 uM HNE treated positive control; RGE, raw garlic extracts; GGE, grilled garlic extracts; PGE, pickled garlic extracts.
Values not sharing the same letter are significantly different from one another (p<0.05) by Duncan’s multiple range test.
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Fig. 7. The antigenotoxic effects of garlic extracts prepared
by different processing methods on 200 yM HNE induced
DNA damage in human leukocyte. NC, negative control (without
oxidative stimulus); PC, 200 uM HNE treated positive control;
RGE, raw garlic extracts; GGE, grilled garlic extracts; PGE, pick-
led garlic extracts. The values were calculated as the sum of all
concentrations from methanol and ethanol extracts of RGE, GGE,
and PGE. Values not sharing the same letter are significantly dif-
ferent from one another (p<0.05) by Duncan’s multiple range test.
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Fig. 8. Micrographs representing images obtained from the comet assay. A, without oxidative stimulus; B, 200 uM HNE treated
positive control; C, RGE 1 pg/mL+HNE; D, GGE 1 ug/mL+HNE; E, PGE 1 pg/mL+HNE. RGE, raw garlic extracts; GGE, grilled

garlic extracts; PGE, pickled garlic extracts.

W o e
=
l\?o
2,
Mo P

o ot

w
s rfr
o
fu
Ho
b
o
[
(m
=)

i e
rlo
POV

2
off s
7
- L
o
v
e
rg
il

¥ o
©

A FHQ Arts, T vhs, 2289 vhs
2 AL L 5 Ak ols} e 3
A zzA ) vpse) 2u] B oJobE £z ol

2442 % & A8s

to rr
il

4
i,
Sl
o
il
>,
il
it
O

B AF= 20109 = Agign &
A2 ofFolfom, old sy

A0
o

1. Bohr VA. 2002. DNA damage and its processing. Relation
to human disease. J Inherit Metab Dis 25: 215-222.

2. 79 ™. 2006. frafitael g DNA 7] &4, & 24 A
@A, WY AW 3455 SRV p 49.

3. Leeuwenburgh C, Heinecke JW. 2001. Oxidative stress and
antioxidants in exercise. Curr Med Chem 8. 829-838.

4. Dizdaroglu M. 1991. Chemical determination of free radical-
induced damage to DNA. Free Radic Biol Med 10: 225-242.

5. 5. 2001, Ao A o)A cyclooxygenase-22] &gt
g 1 AE B3 58 el BAAEAES 72 13 8-17.

6. Kim MB, Oh Y], Lim SB. 2009. Physicochemical character-
istics of garlic from Daejeong Jeju and major cultivation
areas in Korea. J Kor Culinary Res 15 59-66.

7. Kik C, Kahane R, Gebhardt R. 2001. Garlic and health. Nutr

16.

17.

18.

19.

20.

21.

Metab Cardiovasc Dis 11: 57-65.

. Lawson LD. 1998. Effect of garlic on serum lipids. JAMA

11: 1568-1576.

. Byun BH, Kim SH, Jeong HG, Kim BY, Nm CH, Roh PU.

1995. Effect of garlic on enzyme activities of rats fed lard
and alcohol. J Fd Hyg Safety 10: 163-168.

. Kang JH, Ahn BW, Lee DH, Byun HS, Kim SB, Park YH.

1988. Inhibitory effects of ginger and garlic extracts on the
DNA damage. J Korean Food Sci Technol 20: 287-292.

. Kim KJ, Do JR, Kim HK. 2005. Antimicrobial, antihyper—

tensive and anticancer activities of garlic extracts. J Kor—
ean Food Sci Technol 37: 228-232.

. Shin DS, Lee C]J. 2007. Effects of combined raw garlic in—

gestion and weight-bearing, aerobic exercise on blood lip—
ids and bone mineral density in obese male high school
students. J Kor Sport Res 18: 153-162.

. Shin SH, Kim MK. 2004. Effect of dried powders or ethanol

extracts of garlic flesh and peel on lipid metabolism and
antithrombogenic capacity in 16-month-old rats. Kor J
Nutr 37: 515-524.

. Lim SW, Kim TH. 1997. Physiological activity of allin and

ethanol extract from Korean garlic (Allium sativum L.) J
Korean Food Sci Technol 29: 348-354.

. Byun PH, Kim W], Yoon SK. 2001. Effects of extraction

conditions on the functional properties of garlic extracts J
Korean Food Sci Technol 33: 507-513.

Kim MR, Mo EK. 1995. Volatile sulfur compounds in pick—
led garlic. J Korean Soc Food Sci 11: 215-221.

Koo BS, Ahn MS, Lee KY. 1994. Changes of volatile flavor
components in garlic —seasoning oil. J Korean Food Sci
Technol 26: 520-537.

Chun HJ, Park JE. 1997. Effect of heat treatment of garlic
added diet on the blood of spontaneously hypertension rat.
J Korean Soc Food Sci Nutr 26: 103-108.

Park JH, Park YK, Park EJ. 2009. Antioxidative and anti—
genotoxic effects of garlic (Allium sativum L.) prepared by
different processing methods. Plant Foods Hum Nutr 64:
244-249.

Lee SJ, Shin JH, Kang M]J, Seo JK, Sung NJ. 2009. Antioxi—
dant activity of garlic with different processing on soybean
oil. J Fd Hyg Safety 24: 204-210.

Kim MR, Mo EK, Lee KJ. 1993. Inhibition of lipoxygenase
activity by the extract of various processed garlic. Korean



812

22.

23.

24.

25.

26.

21.

28.

J Soc Food Sci 9: 215-221.

Kim YD, Kim KM, Chang Ki, Sun HE, Kim IK, Cho K].
2004. Antimicrobial activity of garlic extracts according to
different cooking methods. J Korean Food Preserv 11:
400-404.

Bae HJ, Chun H]J. 2002. Changes in volatile sulfur com-
pounds of garlic under various cooking conditions. J Korean
Soc Food Cookery Sci 18: 365-371.

Singh NP, McCoy MT, Tice RR, Schneider EL. 1998. A
simple technique for quantitation of low levels of DNA
damage in individual cell. Exp Cell Res 175: 184-191.
Park EJ, Kang MH. 2002. Application of the alkaline comet
assay for detecting oxidative DNA damage in human bio—
monitoring. Kor J Nutr 35 213-222.

Ostling O, Johanson KJ. 1984. Microelectrophoretic study
of radiation-induced DNA damages in individual mamma-
lian cells. Biochem Biophys Res Commun 123: 291-298.
Betti C, Davini T, Giannessi L, Loprieno N, Barale R. 1994.
Microgel electorphoresis assay (comet assay) and SCE
analysis in human lymphocytes from 100 normal subjects.
Mutat Res 307: 323-333.

Lenaz G. 1998. Role of mitochondria in oxidative stress and
ageing. Biochim Biophys Acta 1366: 53-67.

29

30.

31

32.

33.

34.

35.

36.

. Khanna KK, Jackson SP. 2001. DNA double-strand breaks:

signaling, repair and the cancer connection. Nature Genet
27 247-254.

Deutsch JC. 1998. Ascorbic acid oxidation by hydrogen
peroxide. Anal Biochem 255! 1-7.

Kim CH, Kim CH, Park HK, Suh KI, Lee KU. 2002. Effects
of hydrogen proxide on insulin secretion in rat pancreatic
islets 3. J Korean Diabetes Asso 26: 265-273.

Park PS, Lee MY. 1992. The effects of onion and garlic
on copper—phenanthroline complex induced DNA degrada-
tion. J Korean Soc Food Nutr 21: 367-371.

Kruman I, Annadora J, Bruce-Keller, Bredesen D, Waeg
G, Mattson MP. 1997. Evidence that 4-hydroxynonenal me-
diates oxidative stress induced neuronal apoptosis. J
Neuroscience 17: 5089-5100.

Bedwal RS, Nair N, Sharma MP, Mathur RS. 1993. Selenium—
its biological perspectives. Med Hypotheses 41: 150-159.
Dong Y, Lisk D, Block E, Ip C. 2001. Characterization of
the biological activity of gamma-glutamyl-Se-methyl-
selenocysteine: a novel, naturally occurring anticancer agent
from garlic. Cancer Res 61: 2923-2928.

A A s 3] kst g G4 2ot 2008.
AF AFT 2 4G 7 19-32

(2010 39 9¥¢ A 20109 4€ 22 A=)



