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Vandellia cordifolia (V. cordifolia), used for the trestment of inflanmation and cancer in
traditional Chinese medicine was selected for antitumor activity test. Altogether, 5 fractions (VC-HE,
VC-ME, VC-CH, VC-BU, and VC-W) were obtained from crude ethanolic extracts of V. cordifolia.
Effects of VC-HE, VC-ME, VC-CH, VC-BU, and VC-W fractions on K562, Vero, Rgji, Cau-1,
Hela, and Wish tumor cells proliferation were determined by the *H-thymidine uptake method. The
results indicated that the VC-CH fraction suppressed proliferation of the various tumor cdlsin a
concentration dependent manner. The 1C, values of VC-CH on the K562, Rgji, Wish, Hel.a, Cau-1,
and Vero tumor cel lineswere47.5+9.7,40.0+ 10.0,38.1+£84,51.3+ 16.7,45.6 £ 7.1, and 36.3 £
5.0 my/mL, respectively. Cdl cycle analysisindicated that VC-CH arrested the cell cycle progression
of tumor cdls at the G1 trangition to the S phase. Thus, the suppressant effects of VC-CH on
proliferation of various tumor cells appeared to be mediated, a least in part, through arresting cdll
cycle progression in the cdls. Therefore, it is suggested that tumor cell growth inhibitors are
contained in V. cordifolia.
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INTRODUCTION

Chinese herbs have been used as food and for medicina purposes for along time. They are regarded as health
foods because of their various biological activities such as immunomodulatory and antitumor activities.*® More

and more people in devel oping countries use traditional medicines for their major primary health care needs.”®
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Ethnopharmacology provides scientistswith an aternative approach for the discovery of antitumor agents.

Vandellia cordifolia have been generaly used in traditional Chinese medicine for the treatment of cancer and
inflammation. The putetive active functions of V. cordifolia include: (1) treetment of diarrheaand pneumonia, (2) relief
of nephritis, (3) reduction of swelling, (4) enhancement of blood circulation, and (5) detoxification.® Although we have
proved that extracts from V. cordifolia have antiinflanmatory functions® there is a relative scarcity of definitive
evidence to prove V. cordifolia’ s antitumor activity. Thus, V. cordifolia was sdected for antitumor activity deter-
mination in the present study.

Norma cdll proliferation is under strictly governed by cdll cycle progression.™ In al eukaryotic cdlls, passage
through the cell cycleis ahighly regulated processinvolving ordered transition of GO/G1 to Sand G2/M phases. The
nonreplicating cells are generaly stopped in the GO/G1 stage. When cdlls begin to replicate, DNA synthesis takes
placein the S phase. Findly, the cdlsdivide in the G2/M stage.™ Growth factors or other externa events that affect the
rate of cel proliferation are ultimately likely to act by controlling cell cycle progression.* Previous studies have
demonstrated that the defects in the regulation of cdl cycleis associated with anumber of cancers and isthought to be
involved in oncogenesis.™® Thus, blockade of cell cycle progression to inhibit tumor cell proliferation is one of the
antitumor mechanisms.’*Y

In the present study, severa tumor cdll lines, K562, Raji, Wish, HelLa, Calu-1, and Vero, were used astarget cells.
The ethanolic extracts obtained from V. cordifolia were fractionated and their antiproliferative activities on various

tumor cell lineswere evauated.

MATERIALS AND METHODS

Source of V. cordifolia

V. cordifolia was collected and identified by Dr. An-Pan Lin and Dr. Ming-Jen Lee, expertsin medicind plants.
A voucher specimen (TAI 212917) had been deposited in the herbarium of Department of Botany, National Taiwan

University.
Preparation of V. cordifolia Crude Extracts

300 gm of dried V. cordifolia was extracted with ethanol (EtOH) three times (5 L ~ 3). The ethanolic
extracts were evaporated with a Rotavapor under vacuum. The crude extracts were partitioned successively
between hexane and water, followed by methanol (MeOH), chloroform (CHCI;), and butanol (BuOH),
respectively. The extraction protocol is illustrated by the following flow chart. All extracted fractions of ¥
cordifolia were dissolved by dimethylsulfoxide (DM SO) and stored at 4 ° Cuntil for use. The fina concentration
of DMSO in each test was 0.01 %.
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The Growth Inhibition Assay

The growth inhibition test was modified from that previoudy described® K562 and Rgi cdls are
erythroleukemia and EBV-transformed B cdll line, respectively. The Vero cdl is a green monkey kidney tumor cell
line. The Wish cell belongs to a transformed epithdlia cdll line and Cau-1 cdl is a human lung carcinoma cell line,
The HelLa cdll is a human cervical cancer cdl line. All cdl lines were purchased from the American Type Culture
Callection (ATCC, Manassas, VA). Bath K562 and Raji cdlls were cultured in RPMI-1640 medium containing 2 %
feta cadf serum (FCS). The Cau-1, Hela, Vero, and Wish cdll lines were cultured in MEM medium containing 2 %
FCS. The density of various tumor cells was adjusted to 1 x 10° cellsmL before use. 100 m_ of cell suspension was
applied into each well of a 96-wdll flat-bottomed plate (Nunc 167008, Nunclon, Raskilde, Denmark). The extracts
isolated from V. cordifolia were added to the cdlls at varying concentrations. The plates were incubated in 5 % CO,-air
humidified atmosphere at 37 °C for 3 days. Subsequently, *H-thymidine (1 nCi/well, NEN) was added into each well.
After a 16 hr incubation, the cdls were harvested on glass fiber filters by an automatic harvester (Dynatech,
Multimash 2000, Billingshurst, U.K.). Radioactivity in the filters was measured by scintillation counting. The

inhibitory activity of extracts on varioustumor cell proliferation was cdculated by the following formula:
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Control Group (CPM) — Experiment group (CPM)
Inhibitory Activity (%) = ~ 100
Control group (CPM)

Cell Cycle Analysis

Procedures for cdll cycle analysis have been described previoudy.”® Before the assays, K562, Rgji, Calu-1, Hel a,
Vero, and Wish cells were synchronized to the quiescent state by incubation in serum free RPMI-1640 or MEM
mediums for 48 hr and then cultured in the medium containing 2 % FCS. The dendity of the various tumor cells was
adjusted to 2 x 10° cdlsmL before use. One mL of cell suspension was divided into each well of a 6-well flat-
bottomed plate (Cellstar 657160, Greiner, Germany). The extracts from V. cordifolia were added to the cdlls. The
plates were incubated in 5 % CO,-air humidified atmosphere a 37 °C for 24 hr. The cdls were harvested by
centrifugation, washed in phosphate-buffered saline (PBS; pH 7.2), and then fixed in 70 % ethanol for 30 min a -20 °C.
After washing the cells once with PBS, the DNA was stained with propidium iodide (4 ng/mL) containing 100 nmg/mL
of ribonuclease A. Flow cytometry analysis was conducted using a Becton-Dickinson FACSCabibur.

Statistical Analysis

Datawere presented asMean £ S.D. and the differences between groups were assessed with Student’ s¢ test.

RESULTS

Fractionation of Crude Extracts of V. cordifolia

Altogether, five fractions (VC-HE, VC-ME, VC-CH, VC-BU, and VC-W) were obtained from crude ethanolic
extracts of V. cordifolia. These fractions are listed in Table 1 and the yield of each extract is dso described. These 5
fractions were used for the biologica function assays.

Table 1. Five fractions were separated from V. cordifolia ethanolic extracts

Fraction Partitioned Solvent (v:v) Yield (%) Weight (gm)
VC-HE Hexane: MeOH® (1:1) 0.505 1515
VC-ME Hexane: MeOH (1:1) 0.222 0.666
VC-CH CHCI,”H,0 (1:1) 0.911 2.733
VC-BU BuOH®: H,O (1:1) 3.085 9.255
VC-W BuOH: H,O (1:1) 3.303 9.909

a MeOH is methanol.
b: CHCl;is chloroform.
¢. BUOH isbutanol.
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Fig. 1. Effects of five fractions from V. cordifolia on various tumor cells proliferation.

The tumor cells (A) K562, (B) Raji, (C) Wish, (D) HeLa, (E) Calu-1, and (F) Vero
(1 x 10°/well) were cultured with or without 100 ng/mL of 5 fractions (VC-HE, VC-
ME, VC-CH, VC-BU, and VC-W) separated from V. cordifolia for 3 days, respec-
tively. The proliferation of cells were detected by *H-thymidine uptake (1 nCi/well).
After a 16 hr incubation, the cells were harvested by an automatic harvester then
radioactivity was measured by a scintillation counting. Each bar represents the mean
+ S.D. of three independent experiments.
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Fig. 2. VC-CH suppressed various tumor cells proliferation in a concentration dependent manner.
The tumor cells (A) K562, (B) Raji, (C) Wish, (D) HeLa, (E) Calu-1, and (F) Vero
(1 x 10°/well) were cultured with or without various concentration of VC-CH for 3 days.
The proliferation of cells were detected by *H-thymidine uptake (1 mCi/well). After a 16 hr
incubation, the cells were harvested by an automatic harvester then radioactivity was
measured by a scintillation counting. Each point represents the mean + S.D. of three
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Effects of Five Extracted Fractions from V. cordifolia on Tumor Cell Proliferation

VC-HE, VC-ME, VC-CH, VC-BU, and VC-W isolated from V. cordifolia were evauated for their inhibitory
activities on the proliferation of varioustumor cdl lines. The growth of various tumor cdllswas not affected by DMSO
trestment alone (data not shown). Asshownin Fig. 1, whileVC-HE, VC-ME, VC-BU, and VC-W had little effectson
the tumor cdl praliferation, 100 ng/mL of VC-CH significantly suppressed the proliferation of K562, Rgji, Wish,
Hel.a, Cau-1, and Vero tumor cdls. However, a 100 my/mL, VC-W and VC-BU mildly enhanced K562 and Wish
cdl proliferation, respectively (Fig. 1A and 1C).

Asshown in Fig. 2, the inhibitory effects of VC-CH on various tumor cell proliferation were concentration
dependent. At 25 ng/mL, VC-CH suppressed K562, Rgji, Wish, HelLa, Calu-1, and Vero cdll proliferation to the extent
of 39.0+ 7.5 %, 29.0 £ 2.2 %, 20.0 = 10.2 %, 28.8 + 7.0 %, 23.9 + 5.8 %, and 10.4 £ 7.6 %, respectively. At 100
ngy/mL, K562, Rgji, Wish, Hela, Cadu-1, and Vero cdl proliferation were completely blocked. 1Cs,of VC-CH on
these tumor cdl line proliferation are shown in Table 2. The smilar 1C5, values of VC-CH in different tumor cell lines

indicates that the sengtivities of K562, Rgji, Wish, Hel.a, Cau-1, and Vero cdlsto VC-CH are Smilar.
Effects of VC-CH on the Cell Cycle

Asthe above data suggested that VC-CH inhibited tumor cell proliferation, we further examined if VC-CH could
affect cdl cycle progression in various tumor cells. Following incubation with serum free medium for 2 days, various
tumor cells were incubated with 100 ng/mL of VC-CH for 24 hr in medium containing 2 % FCS, cdll cycle analyses
were then performed using acommercidly prepared propidium iodide reagent for staining nuclear DNA prior to flow
cytometry analysis. A computer program was then used to determine the percentage of various tumor cdls in the
GO/G], S, and G2/M phases. The viahilities of tumor cells were not significantly impaired following trestment with
VC-CH for 24 hr (data not shown). As shown in Fig. 3, when K562, Rgji, Wish, HeLa, Cdu-1, and Vero cdls were
cultured in RPMI-1640 or MEM medium for 24 hr, fluorescence intensity increased from that observed for the GO/G1

Table 2. IC,, of VC-CH on various tumor cells proliferation

Tumor cell line ICs, (My/mL)
K562 475+9.7
Raji 40.0+10.0
Wish 38.1+84
HelLa 51.3+16.7
Calu-1 456+7.1
Vero 36.3+£5.0

Each tumor cdl line was grown a 96-well plate (1~ 10°%well). The test extracts were added to the cdlls at varying
concentrations. The cell proliferation was determined by *H-thymidine uptake method. The IC, was concentration
required for the 50 % inhibition of cell proliferation.
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Ability of VC-CH to block various tumor cells progression into the S phase of the cell cycle.
(A) K562, (B) Raji, (C) Wish, (D) HeLa, (E) Calu-1, and (F) Vero tumor cells (2 x 10°) were
cultured with or without 100 ng/mL of VC-CH for 24 hr. For determining the cell counts
that entered into the cell cycle, the DNA content of the cells was analyzed by flow cytometry
as described in Materials and Methods. A computer program was then used to determine the
percentage of various tumor cells in the G0/G1, S, and G2/M phases. Each bar is the mean *
S.D. of three independent experiments.
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phase to the S phase and G2/M phase. DM SO did not affect this fluoresence change (data not shown). By contrast,
after adding VC-CH to various tumor cdlls, dmost al cdls were arrested a the GO/G1 stage in comparison to the
control groups.

DISCUSSION

In the present study, V. cordifolia commonly used in traditional Chinese medicine for the trestment of cancer was
extracted by ethanol. The ethanalic crude extracts were separated into 5 fractions which were then subjected to
biologica activity assay. The results indiceted that the VC-CH fraction suppressed proliferation of K562, Rgji, Wish,
Hela, Cau-1, and Vero cdls. Cdl cycle andysis reveded that VC-CH inhibited the entry of various tumor cdllsinto
the S phase of the cdll cycle. We suggest that VC-CH suppresses cdll proliferation by interfering with some regulatory
eventsrequired for the entry of tumor cdllsinto the S phase.

The present results showed that VC-CH extracted from V. cordifolia suppressed K562, Rgji, Wish, Hela, Calu-1,
and Vero cdl lines proliferation by blocking cell cycle progression at the G1 to S phase trangition. These findings were
similar to those observed for the extracts from Panax ginseng, which arrested human rena carcinoma cdls in the
GO/G1 phase of the cdll cycle® Time course experiments for cell cycle progression will be performed to confirm at
what point VC-CH inhibits various tumor cells proliferation. The possible inhibitory effects of DMSO on various
tumor cells were studied in these experiments. The proliferation and cell cycle progression of tumor cells were not
changed by DMSO. Therefore, the inhibitory function of VC-CH was unlikely related to DMSO. The morphology
and characterigtics of various tumor cdlls treated with or without VC-CH were similar, suggesting that the inhibitory
effects of VC-CH were not related to the pH, osmalarity, or other physiologic variables in different preparations (data
not shown). The prdiminary data indicated that there was no significant cdl death in various tumor cells after
trestment with 100 my/mL of VC-CH for 3 days. We suggest that under 100 mM and during this time frame, the
inhibitory effects of VC-CH on various tumor cells were not through cytotoxic effects although we can not exclude the
possibility that VC-CH may have toxic effects on various tumor cels following chronic trestment or at higher
concentrations.

Cycdlins and cyclin-dependent kinases are critically involved in the regulation of cell cycle progresson in
virtudly al cells The D type cyclins and related cydlin-dependent kinases regulate the passage of G1 phase in
mammadian cells®™ Among the G1 cydlins, cyclin E appears to be essentia for the G1/S trandition. Inhibition of the
function of cyclin E and its related cyclin-dependent kinase, cdk2, prevents mammalian cells from entering S phase.
Many previous studies have demonstrated that overexpression of cyclin E correlates with tumor aggressiveness. The
importance of cyclin E in the cell cycle suggests that it is a potentid target in tumorgenesis. Future experiments with
trestment of tumor cellswith VC-CH will be necessary to define whether VC-CH can reduce these protein activities.



172 Vandellia cordifolia inhibitstumor cells

Thus, results of the present study indicate that VC-CH included in ¥, cordifolia reduce tumor cells growth, in part
by blocking the cell cycle progression. VC-CH may contain growth modulators for K562, Rgji, Wish, Hel.a, Calu-1,
and Vero tumor cdls. Our observation is conggtent with the putative pharmacologica activities of V. cordifolia.
Although in vitro studies do not necessarily predict in vivo outcomes, such studies have provided insights into action
targets, asillustrated by the effects of VC-CH on cdll cycle progression. The relative contributions of these activitiesto
the potent antitumor activity by VC-CH in vivo remain to be eucidated. The purification of principles containing the
growth inhibitors from VH-CH and their mechanisms of action are subjects for further studies.
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