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Restenosis after angioplasty is a significant clinical pro-
blem.! A dominant cellular event is the renarrowing of the
vascular lumen after angioplasty, which is due to vascular
smooth muscle cell (VSMC) proliferation and migration.
After injury, VSMCs proliferate and then migrate into the
developing neointima to become the major cellular sub-
strate of restenotic tissue.” The pathogenesis of neointimal
formation is mediated by VSMCs through phenotype trans-
formation, proliferation, migration, and extracellular matrix
rearrangement. Thus, suppressing VSMC proliferation has
therapeutic potential for reducing the incidence of occlusive
vascular diseases.” Vascular injuries release pathological
mediators from activated platelets, including platelet-derived
growth factor (PDGF), which plays an important role in
forming the neointima and, ultimately, in restenosis.>* PDGF
expression is high in injured arteries and correlates with
neointimal cellular proliferation.’ PDGF activates intracellular
signal transduction pathways that contribute to VSMC pro-
liferation, and the role of PDGF in neointima development
has been evaluated in arterial injury models.’ Thus, inhibit-
ing PDGF-induced VSMC proliferation may provide a
therapeutic approach to attenuate the cellular manifestation
of vascular disease. Cell proliferation is regulated by many
factors during the cell cycle, including cyclin-dependent
kinase (cdk) and cyclin family genes, a major group of cell
cycle regulatory proteins that regulate cdk activity.® Of
these, cyclin D1 is a key regulator and marker of cell pro-
liferation, subject to both transcriptional and post-transcrip-
tional regulation.’

Wisteria floribunda (Leguminosae) is widely grown in
East Asian countries. Its gall extracts are used as an anti-
tumoral preparation in traditional Oriental medicine.® Many
Oriental medicinists used W. floribunda gall extracts for
treating patients with breast cancer, stomach cancer, and
rheumatoid arthritis. Extracts and isolated compounds from
the flowers and seeds of W. floribunda also have antioxidant,
anticancer, and immunological activities.®’

¥These authors contributed equally to this work.

The methanol extracts of the W. floribunda fruit peels
showed significant positive activity in a preliminary study in
which we screened plant extracts with an inhibitory effect on
PDGF-induced VSMC proliferation. To clarify the active
components causing this inhibition, a methanol extract of the
fruit peels was subjected to various separation procedures.
Resulting, 21 compounds were isolated from fruit peels of
W. floribunda (Fig. 1). Their structures were identified by
comparing physicochemical and spectroscopic data to
published values for lupeol (1),'° Bsitosterol (2),"" dauco-
sterol (3),'? taraxerone (4)," taraxerol (5)," 3,4-dimethoxy
benzaldehyde (6),'* syringaresinol (7),"* (—)-pinoresinol (8),'¢
(+)-afzelechin (9),"” (-)-epiafzelechin 7-O-/-D-glucopyrano-
side (10),'8 (-)-epiafzelechin (11)," (+)-catechin (12),%° (-)-
epicatechin (13),”° dulcisflavan (14),>! kaempferol (15),%
kaempferol 3-O-/D-glucopyranoside (16),> kaempferol 3-
O-rutinoside (17),>* kaempferol 7-O-f-D-glucopyranoside
(18),” kaempferol 3,4'-di-O-S-D-glucopyranoside (19),%
kaempferol 3-O-p-D-apiofuranosyl-(1— 6)-4D-glucopyrano-
side (20),” and kaempferol 3,7-di-O-/D-glucopyranoside
(21).® Among them, 13 compounds (9-21) were flavonoids,
five compounds (1-5) were triterpenoids, two compounds (7,
8) were lignans, and one compound (6) was phenyl derivatives.
This is the first report on a chemical investigation of W.
Sforibunda fruit peels.

Next, the isolated compounds were evaluated for their
ability to inhibit PDGF-induced VSMC proliferation using a
BrdU incorporation assay. Compounds 1, 4, 9, 12, 13, and
15 showed the highest inhibitory effects, with ICsy values
(uM) of 5.4, 7.5, 6.7, 4.3, 4.6, and 3.6, respectively (Table
1). Compounds 3, 5-7, and 10 were weak active (ICso > 50
uM). The remaining compounds exhibited modest inhibitory
effects (ICsps in the range 19.3-46.6 uM). Juglone, 1Cs 2.4
uM, was used as positive control. The compounds showed
no significant cytotoxicity up to 50 pM in the MTT assay
suggesting that our results were not due to cytotoxic effects.
Cyclin D1 promotes cell growth and its expression is
induced by growth factor stimulation.?” Thus, to examine the
underlying mechanism of the anti-proliferative effect exert-
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Figure 1. Compounds 1-21 isolated from Wisteria floribunda fruit peels.

Table 1. ICsy values of compounds (1-21) on PDGF-induced
VSMCs proliferation

1Cso values 1Csp values

Compounds (UMY’ Compounds (UMY’
1 54+04 12 43+03
2 19.8+1.5 13 46+03
3 >50 14 209+1.6
4 7.5+0.5 15 3.6+£0.3
5 >50 16 327+24
6 >50 17 214+£1.6
7 >50 18 21.0£1.6
8 46.6 +3.5 19 28.6+2.1
9 6.7+0.5 20 19314
10 >50 21 200£1.5
1 39.5+2.9 Juglone’ 2403

“ICso values were derived from dose-response curves. Data are expressed
as means = SD of three independent experiments (n = 3, P <0.05 vs.
stimulus control). *Juglone was used as positive control.

ed by the isolated compounds, we tested them on cyclin D1
expression using Western blotting assay. PDGF significantly
increased cyclin D1 expression, and pretreatment with the
compound suppressed this increase, as observed by lower
intensities band. At a concentration of 10 uM, compounds 1
4,9, 12, 13, and 15 showed inhibitory effects on PDGF-
induced cyclin D1 expression in VSMCs (Fig. 2).

Bioassay showed that triterpenoids containing a taraxer-
14-en skeleton with a 3-ketone functional group (4), ex-
hibited a stronger effect than did triterpenoids with a 3-
alcohol functional group (5). This result may be associated
with the electrostatic interaction ability of compound 4 at
position 3 compared with that of 5. Kaempferol (15), which
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Figure 2. Immunoblot analysis of cyclin D1. VSMCs were treated
with or without PDGF (30 ng/mL) in the presence or absence of 1-
21 (10 uM) for 24 h, and the total cell lysates were subjected to
immunoblotting with antibody against cyclin D1 or -actin.

contains free hydroxyl groups, showed good activity com-
pared with its glycosides. Among the flavan-3-ols, catechin
(12) and epicatechin (13) produced strong effects compared
with afzelechin (11) and epiafzelechin (9), suggesting an
increased activity role for the additional hydroxyl group in
the B-ring. The results also showed a difference between
configurations; the 2R,3S-configuration (9, 12) may have
more efficacy than the 2R,3R-configuration (11, 13).

In conclusion, the chemical constituents of W. floribunda
were studied, and flavonoids, triterpenoids and lignans were
isolated from fruit peels extracts. The effects of the isolated
compounds on PDGF-induced VSMC proliferation were
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also investigated. Among them, compounds 1, 4, 9, 12, 13,
and 15 were the most active components. These results
demonstrate that these compounds may inhibit VSMC pro-
liferation by suppressing cyclin D1 expression in VSMCs.
Thus, active compounds in W. floribunda fruit peels may
have therapeutic potential in attenuating vascular occlusive
diseases.

Experimental

Plant Material. . floribunda fruit peels were collected in
Daejeon, Korea in February 2009 and identified by Prof.
KiHwan Bae, College of Pharmacy, Chungnam National
University. A voucher specimen (CNU 1389-5) was de-
posited in the College of Pharmacy, Chungnam National
University.

Extraction and Isolation. Dried samples (6 kg) were
pulverized and extracted with 95% methanol (18 L) under
reflux for 3 x 6 h. The extract was concentrated to dryness
under reduced pressure. The residue was suspended in water
and partitioned sequentially with hexane, ethyl acetate, and
butanol. The crude extracts were subjected to various
column chromatography procedures on silica gel, YMC RP-
18 gel, and by preparative HPLC (Gilson Trilution system;
OptimaPak Cs (S-10 um, 250 x 10 mm 1i.d.) column; aceto-
nitrile-0.1% HCOOH in water (15:85, v/v); flow rate, 2 mL/
min; UV detection, 254 nm] to give compounds 1 (9 mg), 2
(72 mg), 3 (138 mg), 4 (20 mg), 5 (26 mg), 6 (90 mg), 7 (15
mg), 8 (27 mg), 9 (20 mg), 10 (5 mg), 11 (34 mg), 12 (133
mg), 13 (34 mg), and 14 (50 mg), 15 (62 mg), 16 (12 g), 17
(6 mg), 18 (12 mg), 19 (24 mg), 20 (7 mg), and 21 (10 mg).

Cell Culture. VSMCs were isolated from rat thoracic
aorta, as described previously.*® Individual cells were placed
in a culture dish and grown in DMEM containing 10% fetal
bovine serum (FBS). Cells were passaged by trypsinization,
and passages 5-12 were used for experiments.

Cell Viability Assay. Cells were seeded in 96-well plates
at a density of 2 x 10* cells/well and cultured for 24 h. After
a 48 h incubation of the cells with different concentrations of
the test compounds, the cytotoxicity of the compounds was
determined by the MTT assay, as described previously.’!
Percent cell viability was calculated based on the absorbance
measured relative to the absorbance of control cells exposed
to the vehicle alone.

5-Bromo-2'-deoxy-uridine (BrdU) Assay Viable adherent
cells were incubated with BrdU labeling solution (10 pM)
for 2 h. Cells were fixed in a fixation solution for 30 min at
room temperature and incubated with 100 uL anti-BrdU
peroxidase-labeled antibody for 90 min. After three washes,
substrate solution for colorimetric quantification was added
at a final concentration of 100 uL/mL and maintained at
room temperature for 5-30 min until color development was
sufficient for photometric detection. Absorbance was assayed
at 405 nm.

Western Blot Analysis. The cells were collected and
washed with phosphate-buffered saline (PBS). The harvest-
ed cells were then lysed on ice for 30 min in 100 pL lysis
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buffer (120 mM NaCl, 40 mM Tris, pH 8, 0.1% Nonidet P-
40) and centrifuged (12,000 rpm, 30 min). Supernatants were
collected from the lysates and protein concentrations were
determined using the BCA Protein Assay Kit (Pierce, Rock-
ford, IL, USA). Aliquots of the lysates (40 pg of protein)
were boiled for 5 min and electrophoresed on 10% SDS-
polyacrylamide gels. Proteins in the gels were transferred
onto nitrocellulose membranes, which were then incubated
with cyclin D1 or mouse monoclonal B-actin antibodies. The
membranes were further incubated with secondary anti-
mouse or anti-rabbit antibodies. Finally, protein bands were
detected using the Enhanced Chemiluminescence Western
Blotting Detections Kit (Pierce Biotechnology, Rockford,
IL, USA).

Statistical Analyses. Experimental results are expressed
as means = SD. A one-way analysis of variance was used for
multiple comparisons followed by Dunnett’s test. Differ-
ences with a P < 0.05 were considered statistically significant.

Acknowledgments. This work was also supported partly
by Priority Research Centers Program through the National
Research Foundation of Korea (NRF) funded by the Mini-
stry of Education, Science and Technology (2009-0093815),
Republic of Korea. We are grateful to the Korean Basic
Science Institute for spectroscopic measurements.

References

1. Choy, J. C.; Granville, D. J.; Hunt, D. W. C.; McManus, B. M. J.
Mol Cell. Cardiol. 2001, 33, 1673.

2. Millette, E.; Rauch, B. H.; Kenagy, R. D.; Daum, G.; Clowes, A.
W. Trends Cardiovasc. Med. 2006, 16, 25.

3. Uchida, K.; Sasahara, M.; Morigami, N.; Hazama, F.; Kinoshita,
M. Atherosclerosis 1996, 124, 9.

4. Chandrasekar, B.; Tanguay, J. F. J. Am. Coll. Cardiol. 2000, 35,
555.

5. Heldin, C. H.; Westermark, B. Physiol. Rev. 1999, 79, 1283.

6. Beijersbergen, R. L.; Bernards, R. Biochim. Biophys. Acta 1996,
1287,103.

7. Witzel, I. I.; Koh, L. F.; Perkins, N. D. Biochem. Soc. Trans. 2010,
38, 217.

8. Heo, J. C.; Park, J. Y.,; Lee, J. M.; Kwon, T. K.; Kim, S. U.;
Chung, S. K.; Lee, S. H. J. Ethnopharm. 2005, 102, 10.

9. Kaladas, P. M.; Goldberg, R.; Poretz, R. D. Mol. Immunol. 1983,
20,727.

10. Fotie, J.; Bohle, D. S.; Leimanis, M. L.; Georges, E.; Rukunga, G.;
Nkengfack, A. E. J. Nat. Prod. 2006, 69, 62.

11. Nes, W. D.; Norton, R. A.; Benson, M. Phytochemistry 1992, 31,
805.

12. Voutquenne, L.; Lavaud, C.; Massiot, G;; Sevenet, T.; Hadi, H. A.
Phytochemistry 1998, 50, 63.

13. Sakurai, N.; Yaguchi, Y.; Inoue, T. Phytochemistry 1986, 26, 217.

14. Takai, H.; So, K.; Sasaki, Y. Chem. Pharm. Bull. 1978, 26, 1303.

15. Vermes, B.; Seligmann, O.; Wagner, H. Phytochemistry 1991, 30,
3087.

16. Moon, S. S.; Rahman, A. A.; Kim, J. Y.; Kee, S. H. Bioorg. Med.
Chem. 2008, 16, 7264.

17. Saijyo, J.; Suzuki, Y.; Okuno, Y.; Yamaki, H.; Suzuki, T.; Miyazawa,
M. J. Oleo Sci. 2008, 57, 431.

18. lida, N.; Inatomi, Y.; Murata, H.; Inada, A.; Murata, J.; Lang, F.
A.; Matsuura, N.; Nakanishi, T. Chem. Biodivers. 2007, 4, 32.

19. Min, K. R.; Hwang, B. Y.; Lim, H. S.; Kang, B. S.; Oh, G. J.; Lee,
J.; Kang, S. H.; Lee, K. S.; Ro, J. S.; Kim, Y. Planta Med. 1999,



2082  Bull. Korean Chem. Soc. 2011, Vol. 32, No. 6

20.

21.

22.

23.

24.
25.

65, 460.

Cai, Y.; Evans, F. J.; Roberts, M. F.; Phillipson, J. D.; Zenk, M. H.;
Gleba, Y. Y. Phytochemistry 1991, 30, 2033.

Deachathai, S.; Mahabusarakam, W.; Phongpaichit, S.; Taylor, W.
C. Phytochemistry 2005, 66, 2368.

Tschesche, R.; Braun, T. M.; Sassen, W. V. Phytochemistry 1980,
19, 1825.

Okuyama, T.; Hosoyama, K.; Hiraga, Y.; Kurono, G.; Takemoto,
T. Chem. Pharm. Bull. 1978, 26, 3071.

Chaurasia, N.; Wichtl, M. Planta Med. 1987, 53, 432.

Glennie, C. W.; Harborne, J. B. Phytochemistry 1971, 10, 1325.

26.

217.

28.

29.
30.

31

Notes

Strack, D.; Heilmann, J.; Wray, V.; Dirks, H. Phytochemistry
1989, 28, 2071.

Wau, B.; Takahashi, T.; Kashiwagi, T.; Tebayashi, S. I.; Kim, C. S.
Chem. Pharm. Bull. 2007, 55, 815.

Yoshida, T.; Saito, T.; Kadoya, S. Chem. Pharm. Bull. 1987, 35,
97.

Fukami-Kobayashi, J.; Mitsui, Y. Exp. Cell Res. 1999, 246, 338.
Slodzinski, M. K.; Juhaszova, M.; Blaustein, M. P. Am. J. Physiol.
Cell Physiol. 1995, 269, C1340.

Mosmann, T. J. Immunol. Methods 1983, 65, 55.




