
163

J Chin Med 14(3): 163-174, 2003

INHIBITORY EFFECTS OF EXTRACTS
FROM VANDELLIA CORDIFOLIA ON

TUMOR CELLS PROLIFERATION

Yuh-Chi Kuo1,2, An-Pang Lin3, Ming-Jen Lee4, Cheng-Jen Chou1,

Chi-Yen Fan3 and Wei-Jern Tsai1

1National Research Institute of Chinese Medicine
2Department of Life Science, Fu-Jen University

3Jen Ai Chinese Medical United Clinical
4Ming-Jen Lee Chinese Medical Clinical

Taipei, Taiwan
(Received 14th May 2003, revised Ms received 10th June 2003, accepted 29th July 2003)

Vandellia cordifolia (V. cordifolia), used for the treatment of inflammation 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, Raji, Calu-1,
HeLa, and Wish tumor cells proliferation were determined by the 3H-thymidine uptake method. The
results indicated that the VC-CH fraction suppressed proliferation of the various tumor cells in a
concentration dependent manner. The IC50 values of VC-CH on the K562, Raji, Wish, HeLa, Calu-1,
and Vero tumor cell lines were 47.5 ± 9.7, 40.0 ± 10.0, 38.1 ± 8.4, 51.3 ± 16.7, 45.6 ± 7.1, and 36.3 ±
5.0 µg/mL, respectively. Cell cycle analysis indicated that VC-CH arrested the cell cycle progression
of tumor cells at the G1 transition to the S phase. Thus, the suppressant effects of VC-CH on
proliferation of various tumor cells appeared to be mediated, at least in part, through arresting cell
cycle progression in the cells. 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 medicinal purposes for a long time. They are regarded as health

foods because of their various biological activities such as immunomodulatory and antitumor activities.1-6 More

and more people in developing countries use traditional medicines for their major primary health care needs.7,8

Correspondence to: Wei-Jern Tsai, National Research Institute of Chinese Medicine, Tel: 02-28201999 ext. 5171,
Fax: 02-28264266, E-mail: wjtsai@cma23.nricm.edu.tw



Vandellia cordifolia inhibits tumor cells164

Ethnopharmacology provides scientists with an alternative approach for the discovery of antitumor agents.

Vandellia cordifolia have been generally used in traditional Chinese medicine for the treatment of cancer and

inflammation. The putative active functions of V. cordifolia include: (1) treatment of diarrhea and pneumonia, (2) relief

of nephritis, (3) reduction of swelling, (4) enhancement of blood circulation, and (5) detoxification.9 Although we have

proved that extracts from V. cordifolia have antiinflammatory functions,10 there is a relative scarcity of definitive

evidence to prove V. cordifolia’s antitumor activity. Thus, V. cordifolia was selected for antitumor activity deter-

mination in the present study.

Normal cell proliferation is under strictly governed by cell cycle progression.11 In all eukaryotic cells, passage

through the cell cycle is a highly regulated process involving ordered transition of G0/G1 to S and G2/M phases.12 The

nonreplicating cells are generally stopped in the G0/G1 stage. When cells begin to replicate, DNA synthesis takes

place in the S phase. Finally, the cells divide in the G2/M stage.13 Growth factors or other external events that affect the

rate of cell proliferation are ultimately likely to act by controlling cell cycle progression.14 Previous studies have

demonstrated that the defects in the regulation of cell cycle is associated with a number of cancers and is thought to be

involved in oncogenesis.15 Thus, blockade of cell cycle progression to inhibit tumor cell proliferation is one of the

antitumor mechanisms.16,17

In the present study, several tumor cell lines, K562, Raji, Wish, HeLa, Calu-1, and Vero, were used as target cells.

The ethanolic extracts obtained from V. cordifolia were fractionated and their antiproliferative activities on various

tumor cell lines were evaluated.

MATERIALS AND METHODS

Source of V. cordifolia

V. cordifolia was collected and identified by Dr. An-Pan Lin and Dr. Ming-Jen Lee, experts in medicinal 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 (CHCl3), and butanol (BuOH),

respectively. The extraction protocol is illustrated by the following flow chart. All extracted fractions of V.

cordifolia were dissolved by dimethylsulfoxide (DMSO) and stored at 4 ºC until for use. The final 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 previously described.18 K562 and Raji cells are

erythroleukemia and EBV-transformed B cell line, respectively. The Vero cell is a green monkey kidney tumor cell

line. The Wish cell belongs to a transformed epithelial cell line and Calu-1 cell is a human lung carcinoma cell line.

The HeLa cell is a human cervical cancer cell line. All cell lines were purchased from the American Type Culture

Collection (ATCC, Manassas, VA). Both K562 and Raji cells were cultured in RPMI-1640 medium containing 2 %

fetal calf serum (FCS). The Calu-1, HeLa, Vero, and Wish cell lines were cultured in MEM medium containing 2 %

FCS. The density of various tumor cells was adjusted to 1 × 106 cells/mL before use. 100 µL of cell suspension was

applied into each well of a 96-well flat-bottomed plate (Nunc 167008, Nunclon, Raskilde, Denmark). The extracts

isolated from V. cordifolia were added to the cells at varying concentrations. The plates were incubated in 5 % CO2-air

humidified atmosphere at 37 °C for 3 days. Subsequently, 3H-thymidine (1 µCi/well, NEN) was added into each well.

After a 16 hr incubation, the cells 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 various tumor cell proliferation was calculated by the following formula:

Vandellia cordifolia

                               

EtOH Extracts

EtOH (5 L x 3)

Hexane / H2O

Hexane Layer

VC-HE

H2O Layer

Hexane / MeOH (1:1)

Hexane Layer MeOH Layer

VC-ME

CHCl3 / H2O (1:1)

VC-CH H2O Layer

BuOH / H2O (1:1)

VC-BU VC-W

CHCl3 Layer

BuOH Layer
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                         Control Group (CPM) – Experiment group (CPM)

Inhibitory Activity (%) =  ------------------------------------------------------------------ × 100

                                     Control group (CPM)

Cell Cycle Analysis

Procedures for cell cycle analysis have been described previously.19 Before the assays, K562, Raji, Calu-1, HeLa,

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 density of the various tumor cells was

adjusted to 2 × 106 cells/mL 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 cells. The

plates were incubated in 5 % CO2-air humidified atmosphere at 37 °C for 24 hr. The cells were harvested by

centrifugation, washed in phosphate-buffered saline (PBS; pH 7.2), and then fixed in 70 % ethanol for 30 min at -20 °C.

After washing the cells once with PBS, the DNA was stained with propidium iodide (4 µg/mL) containing 100 µg/mL

of ribonuclease A. Flow cytometry analysis was conducted using a Becton-Dickinson FACSCabibur.

Statistical Analysis

Data were presented as Mean ± S.D. and the differences between groups were assessed with Student’s t 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 also described. These 5

fractions were used for the biological function assays.

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

Fraction Partitioned Solvent (v:v) Yield (%) Weight (gm)

VC-HE Hexane: MeOHa (1:1) 0.505 1.515
VC-ME Hexane: MeOH (1:1) 0.222 0.666
VC-CH CHCl3

b:H2O (1:1) 0.911 2.733
VC-BU BuOHc: H2O (1:1) 3.085 9.255
VC-W BuOH: H2O (1:1) 3.303 9.909

a: MeOH is methanol.
b: CHCl3 is chloroform.
c: BuOH is butanol.
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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 × 105/well) were cultured with or without 100 µg/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 3H-thymidine uptake (1 µCi/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.

T h e  1 �  t h r e e I n h i b i t o r y  A a s u r e d  b ( T c  ( s a i ) 7 8 5 5 6 1
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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 × 105/well) were cultured with or without various concentration of VC-CH for 3 days.
The proliferation of cells were detected by 3H-thymidine uptake (1 µCi/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
independent experiments.

In
h

ib
ito

ry
 A

ct
iv

ity
 (%

)

-20

0

20

40

60

80

100

120 (A) K562

-20

0

20

40

60

80

100

120
(B) Raji

In
h

ib
ito

ry
 A

ct
iv

ity
 (%

)

-20

0

20

40

60

80

100

120 (C) Wish

-40

-20

0

20

40

60

80

100

120 (D) HeLa

VC-CH Concentration (µg/ml)

0 20 40 60 80 100 120

In
h

ib
ito

ry
 A

ct
iv

ity
 (%

)

-40

-20

0

20

40

60

80

100

120
(E) Calu-1

VC-CH  Concentration (µg/ml)

0 20 40 60 80 100 120
-20

0

20

40

60

80

100

120 (F) Vero



Yuh-Chi Kuo, An-Pang Lin, Ming-Jen Lee, Cheng-Jen Chou,Chi-Yen Fan and Wei-Jern Tsai 169

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 evaluated for their inhibitory

activities on the proliferation of various tumor cell lines. The growth of various tumor cells was not affected by DMSO

treatment alone (data not shown). As shown in Fig. 1, while VC-HE, VC-ME, VC-BU, and VC-W had little effects on

the tumor cell proliferation, 100 µg/mL of VC-CH significantly suppressed the proliferation of K562, Raji, Wish,

HeLa, Calu-1, and Vero tumor cells. However, at 100 µg/mL, VC-W and VC-BU mildly enhanced K562 and Wish

cell proliferation, respectively (Fig. 1A and 1C).

As shown in Fig. 2, the inhibitory effects of VC-CH on various tumor cell proliferation were concentration

dependent. At 25 µg/mL, VC-CH suppressed K562, Raji, Wish, HeLa, Calu-1, and Vero cell 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

µg/mL, K562, Raji, Wish, HeLa, Calu-1, and Vero cell proliferation were completely blocked. IC50s of VC-CH on

these tumor cell line proliferation are shown in Table 2. The similar IC50 values of VC-CH in different tumor cell lines

indicates that the sensitivities of K562, Raji, Wish, HeLa, Calu-1, and Vero cells to VC-CH are similar.

Effects of VC-CH on the Cell Cycle

As the above data suggested that VC-CH inhibited tumor cell proliferation, we further examined if VC-CH could

affect cell cycle progression in various tumor cells. Following incubation with serum free medium for 2 days, various

tumor cells were incubated with 100 µg/mL of VC-CH for 24 hr in medium containing 2 % FCS, cell cycle analyses

were then performed using a commercially 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 cells in the

G0/G1, S, and G2/M phases. The viabilities of tumor cells were not significantly impaired following treatment with

VC-CH for 24 hr (data not shown). As shown in Fig. 3, when K562, Raji, Wish, HeLa, Calu-1, and Vero cells were

cultured in RPMI-1640 or MEM medium for 24 hr, fluorescence intensity increased from that observed for the G0/G1

Table 2.  IC50 of VC-CH on various tumor cells proliferation

Tumor cell line IC50 (µg/mL)

K562 47.5 ± 9.7
Raji 40.0 ± 10.0
Wish 38.1 ± 8.4
HeLa 51.3 ± 16.7
Calu-1 45.6 ± 7.1
Vero 36.3 ± 5.0

Each tumor cell line was grown at 96-well plate (1 × 105/well). The test extracts were added to the cells at varying
concentrations. The cell proliferation was determined by 3H-thymidine uptake method. The IC50 was concentration
required for the 50 % inhibition of cell proliferation.
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Fig. 3. 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 × 106) were
cultured with or without 100 µg/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. DMSO did not affect this fluoresence change (data not shown). By contrast,

after adding VC-CH to various tumor cells, almost all cells were arrested at the G0/G1 stage in comparison to the

control groups.

DISCUSSION

In the present study, V. cordifolia commonly used in traditional Chinese medicine for the treatment of cancer was

extracted by ethanol. The ethanolic crude extracts were separated into 5 fractions which were then subjected to

biological activity assay. The results indicated that the VC-CH fraction suppressed proliferation of K562, Raji, Wish,

HeLa, Calu-1, and Vero cells. Cell cycle analysis revealed that VC-CH inhibited the entry of various tumor cells into

the S phase of the cell cycle. We suggest that VC-CH suppresses cell proliferation by interfering with some regulatory

events required for the entry of tumor cells into the S phase.

The present results showed that VC-CH extracted from V. cordifolia suppressed K562, Raji, Wish, HeLa, Calu-1,

and Vero cell lines proliferation by blocking cell cycle progression at the G1 to S phase transition. These findings were

similar to those observed for the extracts from Panax ginseng, which arrested human renal carcinoma cells in the

G0/G1 phase of the cell cycle.20 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 characteristics of various tumor cells treated with or without VC-CH were similar, suggesting that the inhibitory

effects of VC-CH were not related to the pH, osmolarity, or other physiologic variables in different preparations (data

not shown). The preliminary data indicated that there was no significant cell death in various tumor cells after

treatment with 100 µg/mL of VC-CH for 3 days. We suggest that under 100 µM 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 cells following chronic treatment or at higher

concentrations.

Cyclins and cyclin-dependent kinases are critically involved in the regulation of cell cycle progression in

virtually all cells.14 The D type cyclins and related cyclin-dependent kinases regulate the passage of G1 phase in

mammalian cells.15 Among the G1 cyclins, cyclin E appears to be essential for the G1/S transition. 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.21 The

importance of cyclin E in the cell cycle suggests that it is a potential target in tumorgenesis. Future experiments with

treatment of tumor cells with VC-CH will be necessary to define whether VC-CH can reduce these protein activities.
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Thus, results of the present study indicate that VC-CH included in V. cordifolia reduce tumor cells growth, in part

by blocking the cell cycle progression. VC-CH may contain growth modulators for K562, Raji, Wish, HeLa, Calu-1,

and Vero tumor cells. Our observation is consistent with the putative pharmacological activities of V. cordifolia.

Although in vitro studies do not necessarily predict in vivo outcomes, such studies have provided insights into action

targets, as illustrated by the effects of VC-CH on cell cycle progression. The relative contributions of these activities to

the potent antitumor activity by VC-CH in vivo remain to be elucidated. 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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心葉母草抽出物對於腫瘤細胞

增生之抑制作用
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心葉母草（Vandellia cordifolia）在傳統中醫上用於治療發炎現象與癌症，在此研究中我們

將之用於抗腫瘤活性分析。實驗中，我們由心葉母草乙醇抽出物中分離出五組成份，分別為

VC-HE、VC-ME、VC-CH、VC-BU 與 VC-W，並將之各別加入 K562，Vero，Raji，Calu-1，

HeLa，與Wish等腫瘤細胞培養中，以放射線氚-胸嘧啶吸收法（3H-Thymidine Uptake）分析腫

瘤細胞增生情形。結果顯示，VC-CH 能夠明顯抑制各腫瘤細胞增生並隨著藥物濃度增加而活

性漸增，它對於抑制 K562，Vero，Raji，Calu-1，HeLa，及 Wish 細胞增生百分之五十作用濃

度（IC50）分別為 47.5 ± 9.7、40.0 ± 10.0、38.1 ± 8.4、51.3 ± 16.7、45.6 ± 7.1及 36.3 ± 5.0 µg/mL。

此外，細胞週期分析結果顯示，VC-CH 可阻斷各腫瘤細胞株細胞週期進行於 G0/G1 階段轉換

至 S階段。因此我們認為，VC-CH可藉由阻斷 K562，Vero，Raji，Calu-1，HeLa，及Wish等

腫瘤細胞其細胞週期進行而抑制了各腫瘤細胞之增生，而在心葉母草中可能含有腫瘤細胞生長

抑制因子。
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