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Abstract

The aim of this part was to investigate the individual and combined effects of
-carotene and certain common flavonoids, naringin, quercetin and rutin, on DNA damage
in A549 cells induced by 4-(methylnitrosamino) -1-(3-pyridyl)-1-butanone (NNK), a
potent tobacco-related carcinogen in humans. In addition, we investigated the possible
mechanisms. A549 cells were first pre-incubated with either -carotene, flavonoid, or
both of them for 1h, followed by incubation with NNK for 4 h. The DNA damage was
determined by comet assay (single-cell DNA gel electrophoresis). In addition, using
some reactive oxygen species (ROS) scavengers, DCFH-DA assay and one cytochrome
P450 (CYP) inhibitor, we investigated the role of ROS and CYP in NNK-induced DNA
damage. NNK induced DNA damage in A549 cells in a dose dependent manner.
B-Carotene significantly increased DNA damage induced by NNK up to 1.9-fold. The
mechanisms likely included the increase in oxidation of B-carotene and the increased

activity of CYP by B-carotene. In contrast, naringin, quercetin, rutin individually enriched
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in cells significantly inhibited NNK-induced DNA damage. The inhibitive effects of
flavonoids were in an order quercetin, naringin and rutin. The flavonoids markedly
inhibited the formation of ROS (determined by DCFH assay) induced by NNK in cells in
an order as mentioned above. Furthermore, the flavonoids suppressed the enhancing
effect of B-carotene on NNK-induced DNA damage. The effects of flavonoids may be

attributed to the antioxidant activity and possibly, the suppression of CYP.
Keywords: 3 -carotene, flavonoids, NNK
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Fig 1 Effect of NNK on DNA damage in A549 cells . The cells were
incubated with NNK in HBSS buffer for 4 hr.
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Table 1. Effects of free radical scavengers on DNA damage in A549 cells

induced by NNK. The Cells were pre-incubated with free radical
scavengers for 1hr, followed by washing with PBS before incubated with

700 uM NNK in HBSS buffer for 4 hr.

Treatments Conc. TMOM TMOM(%)
NNK 700 uM 25+3 100 *
+BHT 50 uM 6+3 26°
+Catalase 50 U/ml 14+2 60°
+DMSO 50 mM 12+3 49°
+NaN; 50 mM 26+2 104*
+SOD 50 U/ml 192 78¢
60
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Fig 2. Effect of B-carotene, flavonoids, vitamin C and vitamin E on
DNA damage induced by NNK. Cells were pre-incubated in the dark at
37°C with either B-carotene (BC), naringin (N), quercetin (Q) rutin (R),
vitamin C or vitamin E for 1 hr, followed by washing with PBS before

incubated with 700 pM NNK in HBSS buffer for 4 hr..
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Fig 3. Effect of flavonoids, vitamin C and vitamin E on DNA damage

BC+NNK

induced by a combination of B-carotene and NNK. Cells were
pre-incubated with 20 uM B-carotene (BC) combined with either 10 uM
or 23 uM of naringin (N), quercetin (Q), rutin (R), vitamin C or vitamin E
for 1hr, followed by washing with PBS before incubated with 700 uM
NNK in HBSS buffer for 4 hr.

%=
Table 2 Effects of flavonoids on the consumption of B-carotene

incorporated in cells'.

Treatments BC concentration (%)
(nmol/10°cells)

Original point® 2.89+0.09¢ 100+3
BC 1.47+0.09° 5143
BC+NNK 1.21£0.12° 4244
N+BC+NNK 2.57+0.09" 89:+3
Q+BC+NNK 2.60+0.06 90+2
R+BC+NNK 2.2840.14° 79+5
%=

Table 3. Effects of ABT on DNA damage in A549 induce by NNK
combined with or without B-carotene (BC). Cells were pre-incubated with
1-aminobenzotriazole (ABT) for 1hr, followed by washing with PBS
before incubated with 700 uM NNK in HBSS buffer for 4 hr.

Treatment Conc. TMOM TMOM(%)
NNK 700 M 25+3 100%
BC+NNK 20 uM +700 uM 45+6 100%
ABT+NNK 1mM+700 M 12+4 50%
ABT+BC+NNK 1mM+20 pM+700 uM 18+2 60%

A. Control B. 700pM NNK
; ‘8.04% :
C. N+NNK D. Q+NNK
i |17A99% ' 2% | 36.15

Bz

Fig4. The DCFH assay for ROS in A549 cells induced by NNK. Cells
were pre-incubated with 23 uM naringin (N), quercetin (Q), rutin (R), for
1hr, followed by washing with PBS, and then incubated with 700 pM
NNK and DCFH-DA in PBS buffer for 15 min and assayed by flow

cytometer.
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Fig.5. Western blots showing the effect of 23 uM flavonoids on the
expression of CYP1A2 protein in A549 cells. Cells were incubated with
23 uM of naringin (N), quercetin (Q), rutin (R), and naringenin(Ne) for
lhr.
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