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Effect of Rhus verniciflua Stokes Extract and Fisetin on UVB-induced Apoptosis in NIH3T3 Cells.
Don Young Kim, Eun Hee Hwang' and Jong Kun Park*. Division of Biological Science, Wonkwang
University, ‘Department of Food and Nutrition, Wonkwang University — For a long time Rhus verniciflua
Stokes (RVS) has been traditionally used as a herbal plant in Asja. In this study, we have investigated
the effect of acetone extract of Rhus verniciflua Stokes (RVSE) and fisetin, a component of RVSE, on
DNA damage response in NIH3T3 cells. Exposure of cells to UVB light (200 J/ m’) and postincubation
in growth medium for 48 hr resulted in a decrease of cell viability to about 10-20% of nontreated
control. Addition of various concentrations of RVSE in the postincubation medium, however, signi-
ficantly increased the cell viability as compared with the values expected. The genotoxicity-decreasing
effect was also demonstrated in cells exposed to UVB light and incubated in medium containing
fisetin. The genotoxicity-decreasing effect of RVSE and fisetin was further demonstrated by various
analyses including cell morphology studies, trypan blue exclusion assay and DAPI staining. By
Annexin V binding analysis, RVSE and fisetin were shown to decrease the early apoptosis induced
by UVB exposure. These results suggest the RVSE contain components that either increase the DNA
repair or decrease the apoptosis in UVB-exposed cells.
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Fig. 1. Morphological change of NIH3T3 cells treated for 48 h with various concentrations of RVSE (A) or fisetin (B). NIH3T3 cells
were incubated with growth medium containing various concentrations of RVSE (Panel A. a, 0 ug/ml; b, 50 ng/ml; ¢, 100 ng/ml;
d, 200 pg/ml; e, 300 pg/ml; f, 400 ng/mi) or fisetin (Panel B. a, 0 uM; b, 50 UM; ¢, 75 UM; d, 100 uM; e, 300 uM; f, 500 pPM).
Original magnification, X200. The data represent a typical result of three similar experiments.
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Fig. 2. Effect of RVSE (A) or fisetin (B) on the morphological changes in NIH3T3 cells exposed to UVB. Cells were exposed to
200 J/m’ UVB light and incubated for 48 h with growth medium or medium containing various concentrations of RVSE
(Panel A. a, 0 pg/ml; b, 50 pg/ml; ¢, 100 pg/ml; d, 200 ug/ml; e, 300 ug/ml; f, 400 ug/ml) or fisetin (Panel B. a, 0 gM; b,
50 pM; ¢, 75 pM; d, 100 uM; e, 300 pM; £, 500 uM). Original magnification, X 200. The data represent a typical result of
three similar experiments.
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Fig. 3. Effect of RVSE (A) or fisetin (B) on the viability of NIH3T3 cells exposed to UVB. Cells exposed (grey bars) or not (white
bars) to UVB were incubated for 48 h with various concentrations of RVSE or fisetin and then processed for trypan blue
exclusion assay. Each data point represents the mean +SD of triplicate experiments. Dashed lines represent the expected
values when the effects of UV and RVSE, or the effects of UV and fisetin are independent.
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Fig. 4. Protective effect of RVSE (A) and fisetin (B) on the UVB-induced nuclear fragmentation in NIH3T3 cells. Cells were exposed
to 200 J/m” UVB light (e-h) or not (a-d) and then incubated for 48 h with growth medium containing various concentrations
of RVSE (Panel A. a and e, 0 ug/ml; b and f, 100 ug/ml; ¢ and g, 200 pg/ml; d and h, 300 pg/ml) or fisetin (Panel B.
aand e, 0 uM; b and £, 50 UM; ¢ and g, 100 uM; d and h, 300 M) followed by DAPI staining. Arrows indicate the presence
of cells with typical apoptotic nuclear fragmentation. The data represent a typical result of three similar experiments.

Fig. 5. Effect of RVSE (A) and fisetin (B)

on the early apoptosis of UVB-exposed NIH3T3 cells as determined by Annexin V

binding assay. Cells were exposed to 200 J/m* UVB light (e-h) or not (a-d) and then incubated for 48 h with growth
medium containing various concentrations of RVSE (Panel A. a and e, 0 ug/ml; b and £, 100 pg/ml; ¢ and g, 200 pg/ml;
d and h, 300 pg/ml) or fisetin (Panel B. a and e, 0 pM; b and £, 50 uM; ¢ and g, 100 uM; d and h, 300 uM). Arrows
indicate the presence of cells with typical early apoptotic cells. The data represent a typical result of three similar

experiments.



A7) dis)x PSR RVSES} fiseting T4 &
Z kel Rle] FH7lste trypan blue WiA|E oz A
S BAS A 15EE FUME AFANNT AEFA
VEE TAE B TR WAZ R HE& 3
25 A ¢kgtti(white bars in Figs. 3A-B). UVBol| ZA}SH

VSE$} fiseting T}t F=E 2w ul =]o] H7}she]
A 15 AE BEE W3, A2 Py, d9
2ZAA, AE= FxHste) Amexin V7F 28 3ste @4l
UVBe} ZA} 5A] @31 RVSEY) fiseting )3l s
s ofaf Aol Hrbste] Meldh 21§FH vsd 2iE #2Y
F itk o) g FAAe AFE P LA, trypan blue #j A &
A1, DAPI o] 9o]&} fﬂ] B4 BA, Annexin V 288411}
2 O0gd EAHES 58 SHHUD oY AREL
UVBd] o3 HIEE_M}, £3) 2794 S RVSES} fisetino]
Asfsta RoslFe Ed7t Aeg AAET

DNA “gsiofl olg MaEurte] 93] ddsiA He ¢4
ol p53, Bax, Mdm2, Gadd45¢] &= 1 DNA &3 o
e ©dE PCNA, AEF7% 48 e 9
cychn A, cyclie D, cdk2, cdk47} 233 A FrH14]. p53 @
Ae A543 2 DNA 437t Qofg § 42778 23
3 T 2T IANAR[0), FAZA 93 L3} P
B go| FIGU25]. AEFIIE AAGAY AZALE
AePsl=r JojM HBag ps3 Tulde 3 Qo A siH
p53 gl do] 4 gojo} 1 715 Foha FEA AH23].

Fisetin?} & Zeliicol= 29 AEH ade tf

=
~1.
=

.

rlr fo o ug

for e

st 0118 Agole AMEd wt dute ZIE Holr|x
sltl o] & o] ElHolEEL 16-1’} -2 melanoma$)
M E é & JAEH AZDALE FEFHT]. o<} FrAbst
A %E}i olE Z9f el s1hb1m & UVB] 93t w5
oo g HE RH3EE A/ Yo RuEded, 1 &

ol gjgt #2b 713 silibinino] A2 AajA] EA4stE
= p538) £2 & 27713, 22 A8 p21Vie] 243ty
w 7 p21"Ae PCNASE DNA 48 AsAA 2ZLS A4
29 48 A 712 UVBY o AFF4E JAd
2 ANGYTHIS). B, $5EEF 2 AEE I quer-
cetindg} 24L& TR xolEx= A3 B4 B *111-4 A
FaAE #2A7E Yol Aol B 9l

Ho} FAS ZHE 7%%1:}. f?‘l
4} FFo] fisetin X 2]l 3}
2 B g #FHa Jed, B 3
§} flsetlnA 713}% 50 o Lo X o 7 7FaAF ot

=

19‘_1
it

10.

11.

12.

13.

14.

Journal of Life Science 2005, Vol. 15. No. 1 145

HILEH

f -

. Dashwood, R. and D. Guo. 1993. Antimutagenic potency

of chlorophyllin in the Salmonella assay and its correlation
with binding constants of mutagen-inhibitors complex.
Environ. Mol. Mutagenesis. 22, 164-171

. Guengerich, F. P. 1989. Roles of cytochrome P-450 enzymes

in chemical cacinogenesis and cancer chemotherapy. Cancer
Res. 48, 2946-2954,

. Harborne, J. B. and C. A. Williams. 2000. Advances in fla-

vonoids research since 1992. Phytochemisty 55, 481-504.

. Hayatsu, H., N. Inada, T. Kakutani, S. Arimoto, T. Negishi,

K. Mori, T. Okuda and 1. Sakata. 1992. Suppression of
genotoxicity of carcinogens by (-)-epigallocatechin gallate.
Prevent. Med. 21, 370-376.

. Hwang, S. J., J. Y. Cha, S. G. Park, G. J. Joe, H. M. Kim,

H. B. Moon, S. ]. Jeong, J. S. Lee, D. H. Shin, S. R. Ko and
J. K. Park. 2002. Diol and triol type ginseng saponins
potentiate the apoptosis of NIH3T3 cells exposed to MMS.
Toxicol. Appl. Pharmacol. 181, 192-202

. Hwang, S. J., . S. Lee, B. H. Jeon, W. S. Kim, E. R. Woo

and J. K. Park. 2002. Extracts of Caesalpina sappan L poten-
tiate the apoptosis of NIH3T3 cells exposed to MMS. Kor.
J. Life Sci. 12, 182-187

. Iwashita, K., M. Kobori, K. Yamaki and T. Tsushida. 2000.

Flavonoids inhibit cell growth and induce apoptosis in B16
melanoma 4A5 cells. Biosci. Biotechnol. Biochem. 64, 1813-
1820.

. Jung, N. C. 1998. Biological activity of urushiol and flavo-

noids from Lactree (Rhus verniciflua Stokes). Ph.D. thesis,
Chonnam National University, Kwang-ju, South Korea.

. Kadekaro, A. L, R. J. Kavanagh, K. Wakamatsu, S. Ito, M

A. Pipitone and Z. A. Abdel-Malek. 2003. Cutaneous pho-
tobiology. The melanocyte vs. the sun: Who will win the
final round? Pigment Cell Res. 16, 434-447.

Kawagishi, N., Y. Hashimoto, H. Takahashi, A. Ishida-
Yamamoto and H. Iizuka. 1998. Epidermal cell kinetics of
pig skin in vivo following UVB is enhanced in hyperpro-
liferative skin condition. J. Dermatol. Sci. 18, 43-53.

Lee, J. C, H. Y. Jung and K. T. Lim. 1999. Effects of Rhus
verniciflua stokes (RVS) on the plasma level of cholesterol
and tumor growth in mouse. ]. Toxicol. Pub. Health. 15,
169-175.

Lee, J. C, K. T. Lim, Y. S. Jang. 2002. Identification of Rhus
verniciflua Stokes compounds that exhibit free radical sca-
venging and anti-apoptotic properties. Biochim. et Biophys.
Acta 1570, 181-191.

Lee, ] .C,, J. Kim, J. K. Park, G. H. Chung, Y. S. Jang. 2003.
The antioxidant, rather than prooxidant, activities of quer-
cetin on normal cells: quercetin protects mouse thymocy-
tes from glucose oxidase-mediated apoptosis. Exp. Cell Res.
291, 386-397.

Li, Y., M. Chopp, C. Powers and N. Jiang. 1997. Apoptosis
and protein expression after focal cerebral ischemia in rat.
Brain Res. 765, 301-312.



146

15.

16.

17.

18.

19.

20.

ABAERX) 2005, Voi. 15. No. 1

Mallikarjuna, G., 8. Dhanalakshmi, R. P. Singh, C. Agarwal
and R. Agarwal. 2004. Silibinin protects against photocarci-
nogenesis via modulation of cell cycle regulators, mitogen-
activated protein kinases, and Akt signaling. Cancer Res.
64, 6349-6356.

McGowan, C. H. and P. Russell. 2004. The DNA damage
response: sensing and signaling. Curr. Opin. Cell Biol. 16,
629-633.

Ichihashi, M. M. Ueda, A. Budiyanto, T. Bito, M. Oka, M.
Fukunaga, K. Tsuru and T. Horikawa. 2003. UV-induced
skin damage. Toxicology 189, 21-39.

Matsumura, Y. and H. N. Ananthaswamy. 2004. Toxic
effects of ultraviolet radiation on the skin. Toxicol. Appl.
Pharmacol. 195, 298-308.

Nishiwaki, Y., N. Kobayashi, K. Imoto, T. Iwamoto, A.
Yamamoto, S. Katsumi, T. Shirai, S. Sugiura, Y. Nakamura,
A. Sarasin, 5. Miyagawa and T. Mori. 2004. Trichothiody-
strophy fibroblasts are deficient in the repair of ultraviolet-
induced cyclobutane pyrimidine dimers and (6-4) photo-
products. J. Invest. Dermatol. 122, 526-532.

Otoshi, E., T. Yagi, T. Mori, T. Matsunaga, O. Nikaido, S.
T. Kim, K. Hitomi, M. Ikenaga and T. Todo. 2000. Respe-
ctive roles of cyclobutane pyrimidine dimers, (6-4) photo-
products, and minor photoproducts in ultraviolet muta-
genesis of repair-deficient xeroderma pigmentosum A cells.
Cancer Res. 60, 1729-1735.

21.

23.

24.

25.

26.

27.

28.

29.

Ouhtit, A, H. K. Muller, D. W. Davis, S. E. Ullrich, D.
McConkey and H. N. Ananthaswamy. 2000. Temporal
events in skin injury and the early adaptive responses in
ultraviolet-irradiated mouse skin. Am. J. Pathol. 156, 201-
207.

. Read, M. A. 1995. Flavonoids: naturally occurring anti-

inflammatory agent. Am. J. Pathol. 147, 235-237.

Renton, A., S. Llanos and X. Lu, 2003. Hypoxia induces p53
through a pathway distinct from most DNA-damaging
and stress-inducing agents. Carcinogenesis 24, 1177-1182.
Wu, C. H. and G. C. Yen. 2004. Antigentoxic properties of
Cassia tea (Cassia fora L.): Mechanism of action and the
influence of roasting process. Life Science 76, 85-101

Xu, J. and Mortis, G. F. (1999). p53-mediated regulation of
proliferating cell nuclear antigen expression in cells expo-
sed to ionizing radiation. Mol. Cell. Biology. 19, 12-20.
Yen, G. C, D. Y. Chuang and C. H Wu. 2002. Free
radicals in foods: Chemistry, nutrition and health effects.
In: Morello, M. J., F. Shahidi, and C. T. Ho (Eds), ACS
Symposium Series No. 807, Washington DC, pp. 201 - 212
Zhou, B. B. S. and S. ]. Elledge. 2000. The DNA damage
response: Putting checkpoints in perspective. Nature 408,
433-439.

AEiA, 199%. FZo] AL AE(I). pp. 292-294. A&
Eaie s

HGA. 1992 FFUEAE. pp. 247-248. op7e 7.



