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Abstract
AIM: To determine the effect of tetrahydrocurcumin
(THC) on tumor angiogenesis compared with curcumin
(CUR) by using both in vitro and in vivo models of
human hepatocellular carcinoma cell line (HepG2).
METHODS: T h e 3 - ( 4, 5 - d i m e t hy l t h i a zo l - 2 -y l ) - 2 ,
5-diphenyl-tetrazolium bromide (MTT) assay was used for
testing the anti-proliferating activities of CUR and THC. In
6
male BALB/c nude mice, 2 × 10 human HepG2 cells were
inoculated onto a dorsal skin-fold chamber. One day after
HepG2 inoculation, the experimental groups were fed
oral daily with CUR or THC (300 mg/kg or 3000 mg/kg).
On d 7, 14 and 21, the tumor microvasculature was
observed using fluorescence videomicroscopy and capillary
vascularity (CV) was measured.
RESULTS: Pathological angiogenic features including
microvascular dilatation, tortuosity, and hyper-permeability
were observed. CUR and THC could attenuate these
pathologic features. In HepG2-groups, the CV were
significantly increased on d 7 (52.43%), 14 (69.17%),
and 21 (74.08%), as compared to controls (33.04%,

P < 0.001). Treatment with CUR and THC resulted in
significant decrease in the CV (P < 0.005 and P < 0.001,

respectively). In particular, the anti-angiogenic effects of
CUR and THC were dose-dependent manner. However,
the beneficial effect of THC treatment than CUR was
observed, in particular, from the 21 d CV (44.96% and
52.86%, P < 0.05).
CONCLUSION: THC expressed its anti-angiogenesis
without any cytotoxic activities to HepG2 cells even at
the highest doses. It is suggested that anti-angiogenic
properties of CUR and THC represent a common
potential mechanism for their anti-cancer actions.
© 2008 WJG . All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a highly malignant
tumor characterized by active neovascularization[1]. Since
HCC recruit new blood vessels to support tumor growth,
an anti-angiogenic agent is one of the goal drugs to
treatment of HCC. Cancer cells have a very high rate of
mutation in contrast to endothelial cells, which are the
main components of blood vessels and have a lower rate
of mutation. Because of this genetic stability, anti-cancer
treatmenting tumor-induced angiogenesis is expected to
be less vulnerable to such drug tolerance. Moreover, it
may work on a broad spectrum of solid tumors because
all these tumors need to induce angiogenesis for their
processes. It is of great interest to apply the idea of antiangiogenesis treatment to the prevention of cancer. If
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food factors that can inhibit angiogenesis were to be
found, such factors could be used to stop small cancers
from progression. Curcumin (CUR) is considered to be
among such candidates. Curcumin (diferuloylmethane)
is a phenolic compound from the plant Curcuma longa. A
variety of pharmacological effects of curcumin have been
reported, including anti-inflammatory[2], anti-oxidant[3,4],
and anti-carcinogenic activities[5-7]. Recently, it has been
shown that the anti-cancer property of curcumin is
mediated in part by its anti-angiogenic activity[8-11]. As the
active metabolite of curcumin obtained in gastrointestinal
tract, tetrahydrocurcumin (THC) is a reduced analog of
curcumin with phenolic and β-diketo moieties as well as
curcumin (Figure 1). Sugiyama et al[12] demonstrated that
THC exhibited similar physiological and pharmacological
properties, in particular, THC has possessed strong antioxidant action than curcuminoids including curcumin,
demethoxycurcumin, and bisdemethoxycurcumin [13] .
Although the role of THC in anti-cancer activity has
been implicated[13], its possible mechanism(s) and efficacy
related to curcumin anti-cancer responsibility are still
controversial. For instance, THC has been reported to be
a less effective chemopreventive agent in mouse skin than
curcumin[14]. In contrast, 0.5% THC mixed diet showed
a stronger inhibitory effect on 1,2-dimethylhydrazine
induced mouse colon carcinogenesis than curcumin[15].
Therefore, the present study was aimed to determine the
effect of THC on tumor angiogenesis in comparison
with curcumin by using both in vitro and in vivo models of
human hepatocellular carcinoma cell line (HepG2).

MATERIALS AND METHODS
Preparation of curcumin and THC
The curcuminoid mixture obtained from the rhizomes of
Curcuma longa was subjected to silica gel column chromatography, using hexane-dichloromethane, dichloromethane
and dichloromethane-methanol as eluents to afford
curcumin (CUR) as the major constituent. Recrystallization
was accomplished by dissolving the evaporated eluate with
a small quantity of dichloromethane and ethanol was then
added. CUR crystallized out as yellow needles, melting
point (m.p.) 181-183℃. THC was synthesized from CUR
by catalytic hydrogenation reaction, with palladium on
charcoal as a catalyst. The product was purified by silica
gel column chromatography followed by recrystallization
with dichloromethane-hexane to give 75% yield of THC
as colorless needles, m.p. 93-94℃. The spectroscopic (IR,
1
H-NMR and mass spectra) data of the synthesized THC
were consistent with the reported values[16].
In vitro study of anti-proliferation assay
The effects of CUR and THC on the growth and survival
of human hepatocellular carcinoma cell lines were measured
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT) assay. Briefly, HepG2 cells (7.5 × 10 4
per well) were plated in 0.2 mL medium containing 10%
FBS in triplicate in 96 well plate after 24 h medium was
removed and then treated with 0.2 mL medium containing
the indicated concentrations of CUR or THC at 37℃
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Figure 1 Chemical structures of CUR and THC. CUR and THC have similar
b-diketo and phenolic moieties.

for 24 h. At the end of incubation, 0.050 mL of MTT
solution (5 mg/mL) was added to each well. After 20 min
incubated at 37℃, 0.030 mL of isopropanol was added to
dissolve the formazan crystals. The absorbance of the MTT
formazan was determined at 570 nm in an enzyme-linked
immunosorbent assay (ELISA) reader. Cell growth index
was defined as a percentage of the absorbance of treated
cells to untreated cells.
Animal preparation
The experiments were perfor med in BALB/c-nude
mice (b.w. 20-25 g; n = 90). The animal experiment was
conducted according to the guideline of experimental
animals by The National Research Council of Thailand
(1999). The mice were bred and maintained in a specific
pathogen germ-free environment.
The mice were divided into four groups: (1) normal
(control) mice with vehicle treatment (Con, n = 15), (2)
HepG2-induced tumor mice (HepG2, n = 15), (3) HepG2induced tumor mice with CUR treatment (HepG2-CUR,
n = 30) and (4) HepG2-induced tumor mice with THC
treatment (HepG2-THC, n = 30). In order to implant
HepG2 a dorsal skin-fold chamber (7 mm diameter)[16] was
used. After the anesthetization by sodium pentobarbital
(50 mg/100 g BW, i.p.), 30 µL of 2 × 10-6 HepG2 cells
were inoculated in the middle area of dorsal skin-fold
chamber and then covered with 7 mm glass slip. All surgical
procedures were performed under aseptic conditions. The
animals were then housed one animal per cage with free
access to sterile water and standard laboratory chow.
In the CUR and THC treated groups (HepG2-CUR
and HepG2-THC groups), the mice were daily oral treated
by 2 mL of 300 and 3000 mg/kg BW CUR and THC
dissolved in 0.1% dimethyl sulfoxide (DMSO; Sigma,
USA). These treatments were started twenty-four hours
after the inoculation. In the control group (Con and
HepG2), the mice received vehicle (0.1% DMSO) instead.
Intravital fluorescence videomicroscopy study
The experiments were performed d 7, 14 and 21 after
vehicle, CUR or THC treatments. T he mice were
anesthetized with an intraperitoneal injection of sodium
pentobarbital (50 mg/kg BW). A catheter was inserted into
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Figure 2 An example of 5 windows selected for measurement of capillary
vascularity (CV) from the video-image at a low magnification (× 10, Bar = 100 mm).

Measurement of capillary vascularity
Based on the recorded video image, we measured capillary
vascularity (CV) defined as follows: CV = (number of
pixels within the capillaries) × 100 (%)/total number of
pixels within the selected window area.
In each mouse, we observed and recorded at 5 positions
on the surface of tumors by moving the microscopic stage.
Figure 2 shows an example of 5 windows selected on one
low-magnified image. Each window (video frame of 100 ×
100 pixels) was selected so as to cover any no large vessel.
By determining both minimum and maximum intensities
of pixels, we counted the total number of pixels over all
capillaries in each window, using digital image processing
software (Global Lab Ⅱ) and expressing the CV as
percents of capillary area to total area. Averaging the CV’s
(CVi, i = 1-5) measured over 5 video-frames (positions),
we calculated the mean CV in one mouse: Mean CV = (1/5)
Σ CV(1-5).
Statistical analysis
Results were shown as mean ± SE. One-way ANOVA was
used to evaluate the difference of means. The statistical
differences were considered at the probability level (P value)
of less than 0.05.
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a jugular vein for application of fluorescence tracers. Then,
the dorsal skin-fold chamber was removed and skin area
around the chamber was fixed with modeling wax on a plate.
The microcirculation within a studied area was observed
under an intravital fluorescence microscope using a 10 ×
objective. During the experiment, a videocamera (Sony,
Japan) was used to project the image onto a monitor (Sony,
Japan) and to record the interested areas within the tumorbearing chambers by using a video-recorder (Sony, Japan).
The videotape of each experiment was then analyzed offline using digital image processing software (Global Lab Ⅱ).
For visualization of the microvascular lumen, a bolus
of 0.1 mL of 5% fluorescein isothiocyanate-labeled dextran
(FITC-dextran) was injected into the jugular vein 5 min prior
to the recording. The recorded videoimages were analyzed
and calculated for capillary vascularity, using digital image
processing software (Global Lab Ⅱ) and then expressed
in percentage as described previously [9]. The capillary
vascularity (CV) level was used as an index of angiogenesis.
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Figure 3 IC50 and cell growth index by MTT assay. A: Effects of CUR on cell
proliferation of HepG2 cell; B: Effects of THC on cell proliferation of HepG2 cell.
Values given represent the mean ± SE of three independent experiments carried out
in triplicate. The IC50 value was required to decrease viability from 100% to 50%.

RESULTS
Anti-proliferation effects of curcumin and its analog on
HepG2 cells
The anti-proliferation activity of CUR and its analog,
THC, were examined in HepG2 cell lines by MTT assay.
It was found that CUR is a more potent anti-proliferative
agent than THC. The IC50 of CUR and THC were 85.98
and 233.12 µmol/L, respectively (Figure 3).
Tumor angiogenesis in HepG2-implanted nude mice
Intravital fluorescence microscopic observation demonstrated a number of neocapillaries in HepG2 groups. Figure
4 shows fluorescence videoimages of the microvasculature for control and HepG2 groups on d 7, 14 and 21
after tumor cells implantation. In addition, pathological
angiogenic features including abrupt changes in the
diameter, tortuosity, and hyper-permeability were also
observed in HepG2 groups.
Effects of curcumin and its analog on tumor angiogenesis
in HepG2-implanted nude mice
Figure 5 demonstrated the intravital fluorescent microscopic
observation of tumor angiogenesis affected by CUR and
THC treatment. The result showed that the appearance of
www.wjgnet.com
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Figure 4 A: Fluorescence videoimage of the microvasculature for
control; B: Fluorescence videoimage
of the microvasculature for 7 d HepG2
groups; C: Fluorescence videoimage
of the microvasculature for 14 d
HepG2 groups 14; D: Fluorescence
videoimage of the microvasculature
for 21 d HepG2 groups (× 10, Bar =
100 mm).
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neocapillaries induced by HepG2 was markedly reduced on
14 and 21 d after treatment of CUR and THC (3000 mg/kg
BW). In addition, the abnormalities of neocapillary network
pattern were attenuated after both treatments.
Capillary vascularity of tumor tissue in HepG2-implanted
nude mice
For analysis of microvascular parameters, CV in the surface
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Figure 5 A: Fluorescence videoimage of capillary vascularity on
14 d after the implantation of tumor
cells with treatment of CUR (3000
mg/kg); B: Fluorescence videoimage
of capillary vascularity on 14 d after
the implantation of tumor cells with
treatment of THC (3000 mg/kg);
C: Fluorescence videoimage of
capillary vascularity on 21 d after
the implantation of tumor cells with
treatment of CUR (3000 mg/kg);
D: Fluorescence videoimage of
capillary vascularity on 21 d after
the implantation of tumor cells with
treatment of THC (3000 mg/kg, × 10,
Bar = 100 mm).

100 mm

area of tumor was calculated at different periods after tumor
cell inoculation. Figure 6 shows CV of 7, 14 and 21 d after
vehicle, CUR or THC treatment in control and HepG2
groups. In HepG2-group, the percentage of CV was
significantly increased on d 7 (52.43%), 14 (69.17%), and 21
(74.08%), as compared to age-matched controls (33.04%,
P < 0.001). Treatment with CUR and THC showed
significant decrease in the percentage of CV (P < 0.005
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Figure 6 Capillary vascularity (mean ± SE) of 7 d, 14 d, and 21 d after vehicle (0.1%
DMSO), CUR or THC (300 and 3000 mg/kg BW) treatment in control and HepG2
groups. aP < 0.001, vs control group with vehicle; bP < 0.005, vs 14 d HepG2 group
with vehicle; cP < 0.001, vs 14 d HepG2 group with vehicle; dP < 0.01, vs 14 d
HepG2-THC 300 group; eP < 0.001, vs 21 d HepG2 group with vehicle; fP < 0.001,
vs 21 d HepG2-THC 300 group; gP < 0.05, vs 21 d HepG2-CUR 3000 group.

and P < 0.001, respectively). In particular, the antiangiogenic effects of CUR and THC were dose-dependent
manner. However, the beneficial effect of (3000 mg/kg)
THC treatment than CUR was suggested, in particular,
from the 21 d percent of neocapillaries density (44.96% and
52.86%, P < 0.05).

DISCUSSION
By using MTT assay, the anti-proliferation properties
of CUR and THC were examined in He pG2 cell
lines. It was found that CUR has more potent antiproliferation properties than THC. The IC 50 of CUR
and THC were 85.98 and 233.12 µmol/L, respectively.
CUR has been shown to inhibit cell proliferation in a
wide variety of human cancer cell lines in vitro[18] and in
various xenotransplant and orthotopic models of human
cancer in rodent [18,19] . CUR suppresses the activation
of several transcription factors that are implicated in
carcinogenesis [18] , including nuclear factor kappa B
(NF-κB)[20], activator protein 1 (AP-1)[21], and at least two
of the signal transducer and activator of transcription
proteins (STAT3, STAT5), and modulates the expression
of early growth response protein 1 (Erg-1), peroxisome
proliferators-associated receptor gamma (PPAR-γ)[22]. It
also suppresses the expression of cyclin D1[23] and induces
apoptosis of tumor cells[24,25]. According to the inhibitory
effects of CUR on these cell signaling pathways, CUR may
mediate its anti-proliferation by inhibiting either expression
or activation of proteins that required for cell survival or
cell proliferation. Furthermore, it might imply that THC
could be able to suppress these key factors of signaling
pathways at lesser efficacies than CUR.
By using intravital fluorescence videomicroscopy, the
results showed that: (1) there was a significant increase
in the numbers of CV with the heterogeneous network
in HepG2 groups as compared to controls as which
consistency with our previous reports [9,10]. (2) In this
study, it was confirmed that more neocapillary density
was observed as a time-dependent manner during tumor

2007

progression (CV of 21 d > CV of 14 d > CV of 7 d). (3)
THC is a stronger anti-angiogenic agent than CUR.
Therefore, in the present study, CUR and THC could
exert both direct and indirect actions by inhibiting tumor
cell proliferation and by inhibiting tumor angiogenesis,
respectively. Although the precise mechanisms that lead
to tumor angiogenesis are not fully understood, several
studies have shown that tumor angiogenesis which is
the common process necessary for every tumor types
requires the expressions of cyclooxygenase-2 (COX-2),
vascular endothelial growth factor (VEGF), and matrix
metalloproteinase-9 (MMP-9). Similar to our findings,
CUR has been shown to suppress the proliferation of
human vascular endothelial cells in vitro[26] and to abrogate
angiogenic response in vivo[10]. It has also been shown that
CUR inhibited Akt activation and down-regulated the
expression of 5-lipooxygenase[20].
The significant finding initiated from the current study
is that THC has efficacy in anti-angiogenic activity than
CUR. Although THC is shown to be less anti-proliferative
activity than CUR, several studies agreed to demonstrate
that THC is a more potent anti-oxidant than CUR[12,27], and
the mechanism could be implied by its β-diketo moiety[12].
A number of evidence also suggested that tumor-mediated
inflammatory response could generate an intensive local
accumulation of reactive oxygen species (ROS). ROS may
play a role as the mediator for the consequence of tumor
induced the expression of tumor biomarkers involved tumor
angiogenesis. The activation for VEGF and angiopoietin-1
induced EC migration and/or proliferation through
an increase in ROS mainly proposed by a number of
researchers[28,29]. It was found that ethanol stimulated actin
cytoskeletal reorganization, cell motility and tube formation
in a ROS-dependent manner in ECs [30]. Furthermore,
Leptin, a circulating adipocytokine, upregulated VEGF
mRNA and stimulates cell proliferation through an increase
in ROS in ECs[31].
Based on the idea of ROS, several other antioxidants
such as green tea catechins, vitamin E, and natural
polyphenols from red wine have been documented as the
inhibitors of tumor angiogenic responses[32]. According to
the more potent anti-oxidant activity of THC, the more
potent anti-angiogenic activity of THC than CUR could
be used to describe the different anti-angiogenic results.
Finally, it was concluded that both CUR and THC
have shown to produce both anti-proliferation and antiangiogenesis at different manner. More potent tumor antiangiogenesis was observed for THC, and it might be due
to its higher anti-oxidant activity than CUR. It is implied
that THC might be a promising candidate for tumor antiangiogenesis in the near future.
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COMMENTS
Background

Anti-angiogenesis, the postulated mechanism of anti-cancer activities
of tetrahydrocurcumin (THC) and curcumin (CUR), was examined using
hepatocellular carcinoma cells (HepG2)-implanted nude mice. CUR has been
found to be an angiogenic inhibitor. However, THC, a potent anti-oxidative agent is
responsible for the reported effect is still to be determined. The present study was
aimed to determine the effect of THC on tumor angiogenesis in comparison with
CUR by using both in vitro and in vivo models of HepG2.
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Research frontiers

THC contains both a phenolic moiety and a β-diketone moiety in the same
structure. THC exhibits many of the same physiologic and pharmacological
activities as CUR and in some systems may exert greater anti-oxidant activity than
CUR. Therefore, the role of THC in preventive and therapeutic of cancer is gain
interest. Anti-angiogenic therapy is one of the most promising strategies for cancer
treatment. In this study, anti-angiogenic activity was investigated by evaluating the
density of neovascularization induced by Hepatocellular carcinoma cell (HepG2)
in nude mice, using intravital fluorescence videomicroscope. The results showed
that THC exerts significant anti-angiogenic activity. Therefore, THC might be a
promising candidate for tumor anti-angiogenesis in the near future.
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Innovations and breakthroughs

The present study showed the anti-cancer and anti-angiogenic activities of CUR
and THC. CUR and THC have shown to produce both anti-proliferation and antiangiogenesis at different manner. More potent tumor anti-angiogenesis was
observed for THC, and it might be due to its higher anti-oxidant activity than CUR.

15

Applications

The findings from this study support the idea that anti-oxidative substances can be
a therapeutic target for treating cancer.

16

Peer review

In this study, THC, a novel type of anti-oxidant showed anti-angiogenic activities
without any cytotoxic effect. Importantly, our results have provided originally
an in vivo evidence for anti-angiogenic activity of THC, in particular by using
hepatocellular-carcinoma inoculated skin-chamber model.
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