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Effect of 10, 50 and 100 pug/mi caffeic acid and its esters and amides derivatives on heme oxygenase 1
(HO-1) activity induction in Hep G2 cell line was studied. It was found that caffeic acid ester derivatives
could induce HO-1 activity more than amide derivatives. The longer side chain and aromatic side chain
affected HO-1 activity. At 10 pg/ml concentration, phenylmethyl 1-(3°, 4’-dihydroxyphenyl) propenate
(PMDP) had 2.1-fold more activity when compared with control. At 50 and 100 pg/ml concentrations,
phenyiethyl 1-(3’, 4’-dihydroxyphenyl) propenate (PEDP) was the highest HO-1 inducer, whose activity
was 2.1- and 2.3-fold greater, respectively, when compared with the control group. Caffeic acid and all
derivatives induced HO-1 activity on a higher level than curcumin, positive control. This study implied
that caffeic acid and its derivatives could be used to induce HO-1 to protect tissues against free

radicals.

Key words: Caffeic acid, caffeic acid derivatives, heme oxygenase 1.

INTRODUCTION

Oxidative stress is the inappropriate exposure to reactive
oxygen species (ROS), such as superoxide anion

*Corresponding author. E-mail: chaiyavat@gmail.com. Tel:
+665 394 4340. Fax: +665 389 4163.

Abbreviations: HO, heme oxygenase; HO-1, heme
oxygenase-1; HO-2, heme oxygenase-2; HO-3, heme
oxygenase-3; CAPE, caffeic acid phenethylester; ROS, reactive
oxygen species; EDP, ethyl 1-(3',4'-dihydroxyphenyl)
propenate; ODP, octyl 1-(3',4'-dihydroxyphenyl) propenate;
PMDP, phenyimethyl  1-(3',4'-dihydroxyphenyl)propenate;
PEDP, phenylethyl 1-(3',4-dihydroxyphenyl) propenate; EDPA,
ethyl 1-(3’,4’-dihydroxyphenyl) propen amide; ODPA, octyl 1-
(3',4'-dihydroxyphenyl) propen amide; PMDPA, phenmethyit-
(3',4'-dihydroxyphenyl) propen amide; PEDPA, phenethyl 1-
(3',4’-dihydroxyphenyl) propen amide; Nrf2, nuclear factor-
erythroid-2-related factor; ARE, antioxidant responsive
elements; ROS, reactive oxygen species.

radicals and hydroxyl radicals. High levels of ROS
damage cells and are involved in several human
pathologies (Loguercio and Federico, 2003). Because
ROS formation is a naturally occurring process,
mammalian cells have developed several protective
mechanisms to prevent ROS formation or to detoxify
ROS. These mechanisms are called antioxidants as well
as protective enzymes (Hwang et al, 2009).
Cytoprotective enzymes not only provide a major
mechanism by which cells combat the toxicities of ROS,
but their induction is also highly effective and sufficient for
protecting cells against oxidative stress.

Heme oxygenase (HO) is an enzyme found in the
endoplasmic reticulum. It catalyzes the first and rate-
limiting step in the oxidative degradation of free heme to
produce carbon monoxide, ferrous iron, and biliverdin.
This sole physiological pathway of heme degradation
plays a critical role in the regulation of endothelial heme
levels. Heme oxygenase-1 (HO-1) is a critical protein in
response to oxidative injury. Under basal conditions, HO-1



is expressed at low levels in endothelial, kidney, liver,
and spleen cells, and is induced by the oxidative stress
produced by hyperthermia, oxidized lipoproteins,
inflammatory cytokines, hypoxia, nitric oxide, and heavy
metals (Martin et al., 2004). Induction of HO-1 is an
important cellular protective mechanism against oxidative
injury both in vitro and in vivo and has been implicated in
a cytoprotective mechanism to prevent tissues from
oxidative damage (Lee et al., 2007). A number of natural
antioxidant compounds contained in plants have been
demonstrated to be effective to induce HO-1 in Hep-G2
cells, such as curcumin, flavonoids, organosulfur
compounds and isothiocyanate (Li Volti et al., 2008).

Caffeic acid (3, 4-dihydroxy cinnamic acid) and its
derivatives are distributed in fruits, vegetables, wine and
propolis. They are usually found as various simple
derivatives including amides, ester, sugar ester and
glycosides. The physiological function of caffeic acid and
its derivatives are known to have antibacterial, antiviral,
anti-inflammatory, antioxidative, antiproliferative,
immunostimulatory and neuroprotective properties (Son
and Lewis, 2002; Wu et al., 2007). Previous studies
showed that caffeic acid phenethylester (CAPE), a
derivative of caffeic acid and major component of bee
honey, propolis, has potential to induce HO-1 in cell injury
(Wang et al., 2008). However, the other derivatives of
caffeic acid have not been evaluated. To study caffeic
acid and its derivatives on HO-1 activity induction, we
used eight caffeic acids, including amide and ester
derivatives and compared their properties to induce HO-1
activity in Hep G2 cell line.

MATERIALS AND METHODS

Chemicals

Caffeic acid, caffeic acid ester and amide derivatives were obtained
from the Health Product Research Unit, Faculty of Pharmacy,
Chiang Mai University. Hemin, curcumin, NADPH, NADP, glucose-
6-phosphate, glucose-6-phosphate dehydrogenase, trypan blue
and BSA kit were purchased from Sigma Chemical Co. (St., Louis,
USA). Dimethyl sulfoxide (DMSO) and chloroform were purchased
from Merck Co. (Germany). Dulbeccos Minimal Essential Medium
(DMEM), trypsin and the antibiotics were from Gibco (Paisley,
Scotland).

Cell line

The Hep G2 cells were obtained from Dr. Suchart Kothan, Faculty
of Associated Medical Science, Chiang Mai University. The cells
were cultured in DMEM supplemented with 10% FBS, and penicillin
(100 units/ml)—streptomycin (100 mg/ml) at 37°C in a humidified 5%
CO. atmosphere. Medium was changed every 2 days and
subculture of cells was performed using Trypsin/EDTA. Cell counts
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were performed using trypan blue and a Fuchs-Rosenthal
haemocytometer.

Cell culture and treatments

The Hep G2 cells were plated at a density of 1 x 10° cells/well into
6 well culture plates. After overnight growth, the cells were treated
with caffeic acid and its derivatives (10, 50 and 100 pg/mi final
concentrations) dissolved in DMSO (2% final volume) for 48 h. The
treatments were trypsinized and washed with phosphate buffer
saline pH 7.4. The cells were lysed by lyses buffer and centrifuged
at 3000 x g for 20 min. The obtained supernatant was stored at -
70°C before use. Protein concentrations were measured by BSA
kit assay (Sigma Chemical Co. St., Louis, USA).

Biliverdin reductase preparation

Preparation of biliverdin reductase was by the modified method
(Farombi et al., 2008). Briefly, rat livers were homogenized in 3
vol. of 0.1 M potassium phosphate buffer (pH 7.4) containing
0.25 M sucrose and centrifuged at 10,000g for 30 min at 4<C,
followed by centrifugation at 100,000 g of the supernatant for
60 min at 4°C, to obtain the microsomal fraction as a pellet. The
pellet was re-suspended in 0.1 M potassium phosphate buffer (pH
7.4) containing 10% glycerol and stored in -70°C before used.

Heme oxygenase 1 activity assay

HO-1 activity assay was done by the applied method of Motterlini et
al. (2000). Briefly, 50 pl of microsomes from harvested cells were
added to 250 pl of reaction mixture containing 0.1 mM NADPH, 1
mM NADP, 1mM glucose-6-phosphate and 5 mU of glucose -6-
phosphate dehydrogenase, 2 mg rat livers cytosol as a source of
bilirubin redcuctase, 100 mM potassium phosphate buffer (pH 7.4)
and 1 mg/ml hemin. The reaction was conducted at 37°C in the
dark for 1 h. The samples were left in an ice bath to terminate the
reaction and 1 ml of chloroform was added. The extracted bilirubin
was calculated by the difference in absorbance between 464 and
530 nm (€ = 40 mM™' cm™). The HO activity was expressed as
micromoles of bilirubin per milligram of protein per hour.

Statistical analysis

Differences in the data among the groups were analyzed by using
one-way ANOVA combined with the Bonferroni test. Values were
expressed as a mean + SD and differences between groups were
considered to be significant at p < 0.05.

RESULTS

We used 4 amide and 4 ester derivatives of caffeic acid
and grouped according to their functional groups and side
chain group. Ethyl 1-(3’, 4-dihydroxyphenyl) propenate
(EDP) and octyl 1-(3', 4’-dihydroxyphenyl) propenate
(ODP) were caffeic acid esters that had an aliphatic side
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Figure 1. The structure of caffeic acid and its derivatives.

chain. Phenylmethyl 1-(3’, 4'-dihydroxyphenyl)propenate
(PMDP) and phenylethyl 1-(3',4’-dihydroxyphenyl)
propenate (PEDP) were caffeic acid esters that had an
aromatic side chain.  Ethyl 1-(3', 4’-dihydroxyphenyl)
propen amide (EDPA) and octyl 1-(3, 4-
dihydroxyphenyl) propen amide (ODPA) were the
representative of caffeic acid amide that had an aliphatic
side chain. Phenmethyl1-(3’, 4'-dihydroxyphenyl) propen
amide (PMDPA) and phenethyl 1-(3’, 4’-dihydroxyphenyl)
propen amide (PEDPA) were caffeic acid amides that
had an aromatic ring side chain. The structures of caffeic
acid and its derivatives are shown in Figure 1.

The method to determine HO-1 activity in this
experiment has been shown to give the same results as
the more refined MRNA assay that is compatible with
mRNA HO-1 expression (Motterlini et al., 2000). In this
experiment, we selected caffeic acid and its derivatives at

concentration 10, 50 and 100 pg/ ml that had no toxicity
to the Hep G2 cell line (data not shown). After treating
the cells for 48 h, HO-1 activity was significantly
increased when compared with the control (untreated
group). The order of HO-1 induction at 10 pg/ml of
caffeic acid with ester and amide substituted group was
as following: EDP< CAF< ODP< EDPA< ODPA< PEDP<
PMDPA< PEDPA< DMPD (Figure 2). EDP was
classified as having the lowest activity level, whereas
PMPD was classified as having the highest activity level.
The others were classified as the medium activity level
group. PMPD was the highest stimulating HO-1 activity
agent with HO-1 activity of 4.07 uM bilirubin/mg protein/h
(2.1-fold when compared with control group) and higher
than curcumin, which was the positive control.

Figure 3 shows the HO-1 activity treated with 50 pg/ml
caffeic acid and its derivatives. The order of HO-1
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Figure 2. HO-1 activity in Hep G2 cells incubated for 48 h in complete medium with 10 ug/ml of caffeic
acid and its derivatives. The activity is expressed as uM bilirubin formed/mg protein/h. Bars represent the
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Figure 3. HO-1 activity in Hep G2 cells incubated for 48 h in complete medium with 50ug/ml of
caffeic acid and its derivatives. The activity is expressed as uM bilirubin formed/mg protein/h. Bars
represent the mean + SD of 5 independent experiments. Samples represented with different small
letters are significantly different from other groups (p < 0.05).

induction was as following: EDP< CAF< EDPA<
PMDPA< PEDPA< OPD< PMPD< ODPA<PEDP. PEDP
was the highest stimulating HO-1 activity agent, with HO-
1 activity level of 4.14 uM bilirubin/ mg protein/ h. This
value was 2.1-fold of the control group and 1.2-fold of
curcumin. Figure 4 showed the HO-1 activity of the cells
that were treated with 100 pg/ml caffeic acid and
derivatives. HO-1 activity of such treatments ranged from
lower to higher as following: CAF< EDP< PMDPA<
EDPA< PMPD< ODPA< ODP< PEDPA< PEDP. PEDP
was the highest stimulating HO-1 activity agent with 4.32
uM bilirubin/mg protein/h, 2.3-fold when compared with

the control group. When compared between ester and
amide derivatives to induce HO-1, it was found that ester
derivatives had higher ability to induce HO-1 activity.

In this experiment, curcumin was used as the positive
control substance. Curcumin had the potential to induce
HO-1 activity in a dose-response relationship. Curcumin,
at 10 and 50 pg/ml, induced HO-1 significantly less than
caffeic acid and its derivatives by about 2-3 times.
However, curcumin, at a higher concentration, 100 pg/ml,
had the same potential to induce HO-1 activity as caffeic
acid and its derivatives at the same concentration, except
for PEDP.
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Figure 4. HO-1 activity in Hep G2 cells incubated for 48 h in complete medium with 100 pg/mi
of caffeic acid and its derivatives. The activity is expressed as uM bilirubin formed/mg protein/h.
Bars represent the mean +SD of 5 independent experiments. Samples represented with
different small letters are significantly different from other groups (p < 0.05).

DISCUSSION

Human cells have developed several protective
mechanisms to prevent oxidative stress. Phase 2
enzymes are key responders providing protective actions,
which can be highly induced by synthetic and natural
chemical agents. There are many phytochemicals found
in fruits and vegetables normally present in the human
diet. Consumption of fruits and vegetables is associated
with a decrease in cancer risk and diseases associated
with free radicals. Plants constituents such as curcumin
(Scapagnini et al., 2002; Balogun et al., 2003; Jeong et
al., 2009) caffeic acid phenethyl ester (Scapagnini et al.,
2002), and carnosol (Martin et al., 2004) are able to
induce HO-1 expression. In this study, we reported the
ability of caffeic acid ester and amide derivatives to
enhance the activity of HO-1 in Hep G2 cells. Caffeic
acid ester derivatives such as PEDP (caffeic acid
phenethyl ester), and PMDP (caffeic acid benzyl ester)
are naturally occurring substances present in bee honey
and propolis (Orsolic et al., 2003). Our results showed
that the pattemn of inducibility was different in each of the
caffeic acid derivatives. Changing the chemical structure
can significantly affect the potency of HO-1 induction.

Caffeic acid and its derivatives enhance HO-1 induction
more than curcumin, the known standard for induction of
HO-1. The presence of hydroxyl groups in the ortho
position on the aromatic ring is already known to enhance
noticeably the HO-1 inducer potency of plant constituents
(Foresti et al., 2005). Caffeic acid and its derivatives have
a hydroxyl group in the ortho position, but curcumin does
not. This might be the reason why caffeic acid and its
derivative are stronger HO-1 inducers than curcumin.

In this study, it was shown that caffeic acid ester
analogues with a long side chain, such as, ODP, PMDP
and PEDP, had a high potential to induce HO-1 activity

when compared with caffeic acid amide analogues.
Caffeic acid esters were hydrolysed to caffeic acid as the
major metabolite (Celli et al., 2007; Lee et al., 2007;
Wang et al., 2007) and alcohols (Rajan et al., 2001; Celli
et al.,, 2007). HO-1 was induced in response to alcohol,
thiol-containing dietary anti-oxidant, triterpenoid and
lipopolysacharide (Drechsler et al., 2006; Hsu et al.,
2008). Treatment with caffeic acid ester may induce HO-
1 activity expression through caffeic acid, alcohol and
caffeic acid ester. Caffeic acid amides were more stable
than caffeic acid esters (Son and Lewis, 2002).
Therefore, only the caffeic acid amide compound might
be able to induce HO-1 activity. From our experiments,
the chemicals with long side chain groups were more
potent HO-1 inducers than those with short side chain
groups. Ardhaouia and his colleagues (Ardhaoui ,.a et al
2004) reported that hydrophobicity of chemicals with long
side chains was greater than those with short side
chains. Therefore, those chemicals with hydrophobic
properties might easily penetrate cell membranes and
induce signal activation. Nrf2 plays a key role in the
transcriptional regulation of the HO-1 gene expression
through interaction with ARE. Under normal physiologic
conditions, Nrf2 is sequestered in the cytoplasm as an
inactive complex with its repressor Keap 1. Upon
stimulation by inducers, however, Nrf2 dissociates from
Keap 1 and translocates into the nucleus where it
dimerizes with some cofactors like small Maf protein and
binds to ARE. This will lead to activation of a battery of
highly specialized proteins, including HO-1(Lau et al.,
2008; Kim et al., 2010). HO-1 induction by caffeic acid
and its derivatives might occur via signalling through the
nuclear factor-erythroid-2-related factor Nrf2/ ARE
pathway. This hypothesis was supported by CAPE
induced HO-1 expression observed in several cell types.
The molecular mechanism in the regulation of CAPE-



mediated HO-1 expression has been studied in some cell
types (Wang et al, 2008; Wang et al.,, 2010). CAPE
disrupts the Nrf2-Keap1 complex, leading to increase
Nrf2 binding to ARE. Compounds stimulated nuclear
translocation of Nrf2 by inactivating the Nrf2-Keapi
complex, which was associated with a significant
increase in the activity and HO-1 mRNA (Balogun et al.,
2003). The .otheér caffeic acid derivatives, which have a
similar structure to CAPE, may have the same
mechanism. It was, therefore, possible that
preconditioning Hep G2 cells by caffeic acid and its
derivatives may enhance activation of the Nrf2/ARE
pathway and induction of phase Il detoxification/
antioxidant enzymes upon oxidative stress, thereby
resulting in increased resistance to oxidative damage.
Mechanisms of HO-1 induction in Hep G2 by caffeic acid
and its derivatives will be further investigated.
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