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The Effects of Korean Cucurbitaceous Plants on the Alkaline 
Phosphatase Activity Associated with Sonic Hedgehog Pathway
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Abstract - In order to examine the effects of Korean cucurbitaceous plants on sonic hedgehog pathway and growth of cancer 
cells with over-activated hedgehog pathway, we measured the sonic hedgehog conditioned medium (shh-CM) induced 
alkaline phosphatase (ALP) activity and cell viability of pancreatic cancer cell lines by treatment of cucurbitaceous plants. 
Among the tested cucurbitaceous plants, Actinostemma lobatum Maxim, Cucumis sativus L., Momordica charantia L., 
Schizopepon bryoniaefolius Maxim and Trichosanthes kirilowii Max, var. japonica Kitam showed the potent inhibitory 
effects (> 50 % at 20 μg/mL) on shh-CM induced ALP activity. We also evaluated the cell viability of pancreatic cancer cells 
treated with the cucurbitaceous plants. The tested cucurbitaceous plants showed the very weak effects on cancer cell 
proliferation but, T. kirilowii Max, var. japonica Kitam presented the inhibitory effect of 72.7 % on the proliferation of 
pancreatic cancer cells at 20 μg/mL. Taken together, we screened the effects of Korean cucurbitaceous plants on shh-CM 
induced ALP activity and cell viability of pancreatic cancers to search for the modulators of the hedgehog pathway leading 
to the inhibition of cancer cell proliferation. T. kirilowii Max, var. japonica Kitam, among the tested cucurbitaceous plants, 
showed the inhibitory effects on the shh-CM induced ALP activity and the proliferation of pancreatic cancer cells.
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Introduction

There is an increased interest in the use of plant-based 
materials such as herbal extracts and compounds due to their 
various biological properties including anti-carcinogenic 
activities (Khan et al., 2008). Recent studies showed that 
many herbs have been used against several cancer types such 
as breast, lung and colon cancers (Lee and Houghton, 2005; 
McGovern et al., 2010). The extract of Trichosanthes kirilowii 
Maxim arrested the human breast carcinoma cell at G2/M phase 
(Jeong et al., 2011). The cyclic bisdemosides from Actinostemma 
lobatum Maxim showed the cytotoxicity against to cancer 
cells such as esophageal squamous carcinoma, lung cancer 
cell and gastric cancer cells (Li et al., 2012). In addition, 
flavonoids and saponin from Gynostemma pentaphyllum (Thunb.) 
Makino has been reported to show the anti-proliferative 
effect and apoptosis mechanism of prostate cancer cells 
(Cheng et al., 2011). Dakeng et al. (2012) showed that the 
cucurbitacin B, found in plants of the family of Cucurbitaceae, 

inhibited the breast cancer cells by suppression of Wnt signaling. 
The herbals of Cucurbitaceae are mostly known as the prostrate 
or climbing annual plants comprising about 125 genera and 960 
species, including the melons and gourd crops like cucumbers. 
In Korea, the cucurbitaceous herbs have been used as the edible 
vegetable or the medicinal plants such as Cucumis sativus L., 
Cucurbita moschata Duchesne and T. kirilowii Maxim, which 
means that the cucurbitaceous plants can be safe and easily 
acceptable candidates for the screening of the bioactive materials 
from natural products. 

It has been reported that the deregulations of signaling path-
ways in cells lead to cancerous cells with uncontrolled cell 
proliferation and aggressive biological actions including 
increased invasive and metastatic potential (Hanahan and 
Weinberg, 2011). The regulation of abnormal signaling path-
way in cancer cells by herbal extracts or plants-oriented molecules 
can be the novel treatment strategies for cancer therapy. The 
hedgehog signaling pathway regulates the embryonic organo-
genesis and cellular proliferation (Ingham and McMahon, 
2001). Upon binding the hedgehog protein [Sonic hedgehog 
(shh), Indian hedgehog (Ihh) and Desert hedgehog (Dhh)] to 
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receptor patched 1 (PTCH1), the signal transduces to the 
downstream of the pathway leading to the cell differentiation, 
tissue patterning and cell proliferation (Lauth et al., 2007). The 
hedgehog signaling has been known to be involved in the 
osteoblast differentiation, which results in increased alkaline 
phosphatase (ALP) activity, a marker of osteoblast differentiation 
(Nakamura et al., 1997). But the aberrant hedgehog signaling 
pathway has been associated with a number of human tumors. 
Pancreatic cancer has been recognized to be the ectopic activation 
of the hedgehog signaling pathway (Thayer et al., 2003; Xu 
et al., 2009). Therefore, it may be the worthy strategy that 
the herbal extracts or plant-oriented molecules control the 
proliferation of pancreatic cancer cells by the modulation of 
the hedgehog pathway. As the step of search for the herbal 
extracts with the antitumor activity based on inhibition of the 
hedgehog pathway, we assessed the sonic hedgehog-conditioned 
medium (shh-CM) induced alkaline phosphatase (ALP) activity 
in mouse mesenchymal stem cells and the cell proliferation of 
pancreatic cancer cells. Here, we report the effects of the 
cucurbitaceous plants on shh-CM induced ALP activity and 
cell viability of pancreatic cancer cell lines.

Materials and Methods

Plant materials
The methanol extracts of plants (99.9% methanol at 50℃, 

Cucurbitaceae) were provided from Professor J. H. Ryu at the 
College of Pharmacy, Sookmyung Women’s University and 
the Korean plant extract bank. 

Cell culture
PANC-1 and C3H10T1/2 cells (from ATCC, Manassas, 

VA, USA) were cultured in Dulbecco’s modified Eagle 
Medium that contained 10% FBS and streptomycin/penicillin 
(Gibco). AsPC-1 cells, which were obtained from ATCC, were 
grown in RPMI-1640 medium supplemented with 10% FBS.

Alkaline phosphatase (ALP) assay
C3H10T1/2 cells were plated at 5 × 103 cells/well in a 96 

well plate and allowed to attach for 4 h. And then sonic hedgehog 
conditioned medium (shh-CM) and test materials were added. 
After 96 h, the cells were lysed for 15 min using 0.9% NaCl 

with 0.2% Triton X-100. And then cell lysates were mixed with 
reaction buffer (200 mM Tris-HCl pH10.5, 0.4 M 2-amino-2- 
methylpropanol, 8 mM MgCl2) and ALP substrate (4 mM p- 
nitrophenyl phosphate disodium) and incubated at 37℃, in 
the dark, for 45 min. Absorbance at 415 nm was measured by 
using a microplate reader (Molecular Devices, CA, USA). 
The assay was performed in triplicate.

Preparation of sonic hedgehog conditioned medium 
The hedgehog signaling was induced by sonic hedgehog 

conditioned medium (shh-CM). For the preparation of shh- 
CM, shh expression construct (gift from Prof. G.U. Bae at 
Sookmyung Women’s University, Korea) was transiently 
transfected to HEK293 cells. The shh-producing HEK293 cells 
were grown to 80% confluency in DMEM containing 10% 
FBS. Then, the medium was replaced with DMEM containing 
2% FBS, and followed by 5 days of growth. The medium was 
harvested and filtered through a 0.22 μm membrane. Control 
medium was obtained from HEK293 cells. 

Cytotoxicity analysis
Cancer cells (PANC-1 and AsPC-1) were plated at a density 

of 3,000 cells/well in a 96 well plate. Cells were incubated 
with various concentrations of plant extracts for 3 days. And 
then 3- (4,5- Dimethyl- 2- thiazolyl) - 2,5- diphenyl- 2H- tetrazolium 
bromide (MTT, 5 mg/mL) was added for 4 h and lysed with 
DMSO. Absorbance at 570 nm was measured by using a micro-
plate reader (Molecular Devices, CA, USA). The assay was 
performed in triplicate.

Statistical analysis
The results were expressed as mean ± S.D. of three experi-

ments, and statistical analysis was performed by one way 
ANOVA and the Student’s t-test. A P value of < 0.05 was 
considered to indicate a significant difference.

Results and Discussion

The effects of cucurbitaceous plants on shh-CM induced 
ALP activity

The hedgehog signaling has been known to be involved in 
the osteoblast differentiation (Tian et al., 2012). It has been 
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Table 1. The inhibitory effects of cucurbitaceous plants on 
sonic hedgehog conditioned medium induced ALP activity in 
C3H10T1/2 mouse mesenchymal stem cells

Botanical names of plants Partsz Inhibition (%)y

Actinostemma lobatum W 87.5
Cucumis sativus S, L 74.8
Cucurbita moschata W < 10
Gynostemma pentaphyllum W < 10
Lagenaria leucantha S, F 15.4
Momordica charantia W 64.8
Schizopepon bryoniaefolius W 50.4
Trichosanthes kirilowii S, L 47.4
Trichosanthes kirilowii var. japonica FP < 10
Trichosanthes kirilowii var. japonica S, L 85.6
zW:whole plant, S: stems, L: leaves, F: fruit, FP: fruit pulps. 
yat concentration of 20 μg/mL.

Table 2. Inhibition of cucurbitaceous plants on proliferation of pancreatic cancer cells

Botanical names of plants Partsx Inhibition (%)w

AsPC-1 cells PANC-1 cells
Actinostemma lobatum W 41.1 10.9
Cucumis sativus S, L 24.1 8.1
Cucurbita moschata W 26.1 13.8
Gynostemma pentaphyllum W 17.0 12.3
Lagenaria leucantha S, F 0.3 0.2
Momordica charantia W 5.2 9.5
Schizopepon bryoniaefolius W 12.4 3.6
Trichosanthes kirilowii S, L 20.0 23.9
Trichosanthes kirilowii var. japonica FP 15.3 0.5
Trichosanthes kirilowii var. japonica S, L 57.2 72.7
xW:whole plant, S: stems, L: leaves, F: fruit, FP: fruit pulps. 
wat concentration of 20 μg/mL.

shown earlier that sonic hedgehog (shh) is able to induce 
alkaline phosphatase (ALP) activity, a marker of osteoblast 
differentiation (Nakamura et al., 1997). The screen was carried 
out by measurement of ALP activity induced with shh in 
C3H10T1/2 mouse mesenchymal stem cells (MSC). The shh 
conditioned medium (shh-CM) was prepared as described in 
the section of Materials and Methods to differentiate the MSC 
with shh protein. To investigate whether the test materials 
affect the hedgehog pathway, the extracts of cucurbitaceous 

herbals were added to the MSC with shh-CM for 4 days. The 
cyclopamine, the inhibitor of the shh signaling pathway, was 
used as the positive control for the inhibition of ALP activity 
induced by shh signal (94.5% inhibition at 5 μM). As shown 
in Table 1, nine kinds of cucurbitaceous herbs were examined 
at concentration of 20 μg/mL. Among the tested herbal extracts, 
A. lobatum, C. sativus, M. charantia, S. bryoniaefolius and T. 
kirilowii var. japonica exhibited the potent inhibitory effects 
(> 50% at 20 μg/mL) on shh-CM induced ALP activity in MSC. 
In addition, the stems and leaves of T. kirilowii var. japonica 
demonstrated 85.6% inhibitory effect whereas the fruit pulps 
of that showed the below 10% inhibition with the same 
concentration treatment. This result indicates that A. lobatum, 
C. sativus, M. charantia, S. bryoniaefolius and T. kirilowii 
var. japonica are involved in the modulation of shh signaling 
pathway although the exact target protein or mechanism is 
not elucidated. 

The effects of cucurbitaceous plants on cell viability of 
pancreatic cancer cells

The other method of the screen for the inhibition of shh 
signaling pathway can be the treatment of the herbal extracts 
to cancer cells activated shh signal pathway and the measure-
ment of the cell viability of cancer cells, because the shh signa-
ling pathway has been involved in cell proliferation in cancer 
cells. In this study, the effects of the cucurbitaceous herbs on 
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Fig. 1. (A) The effect of T. kirilowii var. japonica (used parts: stems and leaves) on the sonic hedgehog conditioned medium induced 
ALP activity in C3H10T1/2. The values are expressed as the means ± S.D. of three individual experiments. * p < 0.05 indicate 
significant differences from the shh-CM alone. Tkj: the stems and leaves of T. kirilowii var. japonica (B) The effect of T. kirilowii var. 
japonica (used parts: stems and leaves) on the proliferation of pancreatic cancer cells AsPC-1 and PANC-1. The values are expressed 
as the means ± S.D. of three individual experiments. * and ** p < 0.05 indicate significant differences from the vehicle treatment 
(*AsPC-1 cells and ** PANC-1, respectively). Tkj: the stems and leaves of T. kirilowii var. japonica.

the cancer cell proliferation were observed by using the MTT 
assay in human pancreatic cancer cells, AsPC-1 and PANC-1 
which have been known to be the ectopic activation of 
hedgehog signaling pathway (Tsuda et al., 2006). The extracts 
of cucurbitaceous plants demonstrated the very weak inhibitory 
effects (< 30% inhibition at 20 μg/mL) against the proliferation 
of AsPC-1 cells except for the extracts of A. lobatum and T. 
kirilowii var. japonica (used parts: the stems and leaves) with 
41.1% and 57.2% inhibition, respectively (Table 2). T. kirilowii 
var. japonica (used parts: the stems and leaves) exhibited the 
most potent inhibition of the proliferation of PANC-1 cells 
(72.7% inhibition at 20 μg/mL) while the fruit pulps of T. 
kirilowii var. japonica did not (Table 2). This result demonstrates 
that the extract of T. kirilowii var. japonica (used parts: the 
stems and leaves) among the tested cucurbitaceous herbs 
suppresses the proliferation of human pancreatic cancer cells 
AsPC-1 and PANC-1, which means that T. kirilowii var. 
japonica can control the cell viability of cancer cells activated 
hedgehog signaling pathway. 

The effects of T. kirilowii var. japonica on the shh-CM 
induced ALP activity and the cell viability of pancreatic 
cancer cells 

The extract of T. kirilowii var. japonica (used parts: the 
stems and leaves) among the tested cucurbitaceous herbs 
showed the most potent inhibitory activities on the shh-CM 

induced ALP activity and the proliferation of pancreatic 
cancer cells. To confirm the inhibitory activity of T. kirilowii 
var. japonica, we measured the shh-CM induced ALP activity 
and the proliferation of pancreatic cancer cells at various 
concentrations. As shown in Fig. 1A, T. kirilowii var. japonica 
inhibited the ALP activity dose dependently while the only 
shh-CM treated group showed the activated ALP activity. In 
addition, T. kirilowii var. japonica suppressed the proliferation 
of AsPC-1 and PANC-1 cells at 20 and 50 μg/mL (Fig. 1B). 
These results suggest that the T. kirilowii var. japonica (used 
parts: the stems and leaves) may regulate the sonic hedgehog 
pathway and modulate the proliferation of the hedgehog 
pathway related cancer cells. 

Taken together, the cucurbitaceous plants were screened 
for the inhibitor of pancreatic cancer cell proliferation by 
modulation of sonic hedgehog signaling pathway. The stems 
and leaves of T. kirilowii var. japonica presented potent 
inhibitory effects on the shh-CM induced ALP activity in 
MSC, which means the stems and leaves of T. kirilowii var. 
japonica might regulate the sonic hedgehog signaling pathway. 
Moreover, the proliferation of pancreatic cancer cells (AsPC-1 
and PANC-1) with aberrant activated hedgehog signaling 
pathway was controlled by the stems and leaves of T. kirilowii 
var. japonica. Therefore, this study could provide the valuable 
sources for the modulators of pancreatic cancer proliferation 
and sonic hedgehog signaling pathway. 
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