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Abstract — The current study aimed to assess some novel pharmacological activities of vanillin. Vanillin inhib-
ited the chick chorioallantoic membrane (CAM) angiogenesis. Vanillin had anti-inflammatory activity using the
acetic acid-induced permeability model in mice. Anti-nociceptive activity of vanillin was shown using the acetic
acid-induced writhing test in mice. Vanillin inhibited production of nitric oxide (NO) and induction of inducible
nitric oxide synthase (INOS) but not cyclooxygenase-2 (COX-2) in the lipopolysaccharide (LPS)-activated
RAW264.7 macrophages. Vanillin decreased the level of INOS mRNA in the LPS-activated macrophages.
Taken together, these results suggest that vanillin can have anti-angiogenic, anti-inflammatory and anti-nocice-

ptive activities in ICR Mice.
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INTRODUCTION

Vanillin (4-hydroxy-3-methoxybenzaldehyde), one of the
major phenolic constituents of natural vanilla, is widely
used as flavoring agents. Vanillin exerts anti-mutagenic
activity and subsequently inhibits chemical carcinogene-
sis (Gustafson et al., 2000). Consistent with its anti-
mutagenic activity, vanillin inhibits non-homologous DNA
end-joining, a major pathway of double strand break
repair in human cells, by directly inhibiting DNA-depen-
dent protein kinase (Durant et al., 2003).

Vanillin plays a protective role against protein oxidation
and lipid peroxidation induced by photosensitization in
hepatic mitochondria, indicating its potential to prevent
oxidative damage to membranes in mammalian tissues
and thereby ensuing disorders (Kamat et al., 2000). Vanil-
lin is also able to suppress peroxynitrite-mediated reac-
tions by effectively scavenging peroxynitrite in cell-free
systems (Kumar et al., 2004). Vanillin suppresses inva-
sion and migration of cancer cells and inhibits enzymatic
activity of matrix metalloproteinase-9 secreted by cancer
cells, which may be of value in the development of anti-

*Corresponding author
Tel: +82-2-710-9565, Fax: +82-2-3273-5847
E-mail: ehpark@sookmyung.ac.kr

metastatic drugs (Lirdprapamongkol et al., 2005). Gas-
trodia elata Blume rhizome, an ancient Chinese herb, has
recently been shown to possess anti-inflammatory and
anti-angiogenic activities (Ahn et al., 2007), and it was
previously identified to contain large amounts of phenolic
compounds, such as vanillin, 4-hydroxybenzyl alcohol
and 4-hydroxybenzaldehyde, as active ingredients (Cao
et al., 2001). One recent paper has also reported that
vanillin is responsible for antiepileptic effect of G. elata rhi-
zome (Ojemann et al., 2006). In this communication, we
demonstrate some pharmacological activities, such as
anti-angiogenic, anti-inflammatory and anti-nociceptive
activities, of vanillin.

MATERIALS AND METHODS

Chemicals

Evans blue, retinoic acid, E. coli lipopolysaccharide
(LPS), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), vanilin and Griess reagent were pur-
chased from Sigma Chemical Co. (St. Louis, MO, USA).
All other chemicals used were of reagent grade or better.
Vanillin was dissolved in saline or absolute ethanol for
use. Absolute ethanol was used as a vehicle in CAM and
in vitro assays, but saline was used as a vehicle in vas-
cular permeability and writhing tests. All performed exper-
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iments were independently repeated at least three times.

Experimental animals

Male ICR mice (about 25 g) were obtained from
Samtaco Animal Farm, Osan, Korea. The animal room
was maintained at 23 + 2°C with a 12-h light/dark cycle.
Food and tap water were supplied ad libitum. The ethical
guidelines, described in the NIH Guide for Care and Use
of Laboratory Animals, were followed throughout the
experiments.

Cell culture

The RAW264.7 cells, a murine macrophage cell line,
were obtained from American Type Culture Collection
(Manassas, VA, USA). The mammalian cells were cul-
tured in Dulbecco’'s modified Eagle’s medium containing
10% heat-inactivated fetal bovine serum (FBS), 25 mM
HEPES (pH 7.5), 100 U/ml penicillin and 100 pug/ml strep-
tomycin. The RAW264.7 cells were plated at a density of
1x10% and preincubated for 24 h at 37°C, and main-
tained in a humidified atmosphere containing 5% CO,. For
all experiments, the cells were grown to 80-90% conflu-
ence, and subjected to no more than 20 cell passages.

Chorioallantoic membrane (CAM) assay
Anti-angiogenic activity was measured using CAM
assay as previously described (Song et al., 2003). Fertil-
ized brown Leghorn eggs, used in the CAM assay, were
obtained from Pulmuone Food Co., Seoul, Korea.

Acetic acid-induced vascular permeability

According to a modification of the method of Whittle
(1964), acetic acid-induced vascular permeability test
was performed. One hour after oral administration of
vehicle (saline), vanillin (25, 50 or 100 mg/kg) or a posi-
tive control, 0.1 ml/10 g body weight of 1% Evans blue
solution was injected intravenously in each mouse.

Acetic acid-induced writhing response

Anti-nociceptive activity of vanillin was detected as pre-
viously described (Olajide et al., 2000). Nociception was
induced by intraperitoneal injection of 0.7% acetic acid
solution at the dose of 0.1 ml/10 g body weight. Each
experimental group of mice was treated orally with vehi-
cle (saline), vanillin (25, 50 or 100 mg/kg) or a positive
control. From 10 min later, the number of writhes during
the following 10 min period was counted.

Nitrite analysis
Accumulated nitrite (NO,") in the media obtained from

the cell cultures was determined using a colorimetric assay
based on the Griess reaction (Sherman et al., 1993).

Immunoblot analysis

The RAW264.7 cells were incubated with LPS (1 ug/ml)
in the presence or absence of vanillin for 24 h and then
washed twice with ice-cold phosphate-buffered saline
(PBS). The cells were lysed in a buffer containing 20 mM
HEPES (pH 7.9), 0.1 M KCI, 0.3 M NaCl, 10 mM EDTA,
1% SDS, 1 mM PMSF, 1 ug/ml leupeptin and 1 ug/mi
pepstatin. For immunoblotting, anti-inducible nitric oxide
synthase (anti-INOS; Transduction Laboratories, Lexing-
ton, KY, USA), anti-cyclooxygenase-2 (anti-COX-2; Trans-
duction Laboratories, Lexington, KY, USA) and anti-B-
actin (Sigma-Aldrich, St. Louis, MO, USA) antibodies
were used.

MTT reduction assay

The cell viability was quantified by the 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
(Freshney, 1994). Briefly, 1 x 10° cells incubated with var-
ious concentrations of vanillin were treated with 10 ul of
MTT solution (5 mg/ml) for 2 h.

RT-PCR analysis

Total RNA was prepared from the RAW264.7 cells
using TRIZOL® reagent (Invitrogen, Netherlands) accord-
ing to the manufacturer’s protocol. First-strand cDNA was
synthesized from 4 ug total RNA using M-MuLV reverse
transcriptase (Q-BlOgene Inc., Canada). One twentieth of
the synthesized first-strand cDNA was used as tem-
plates in PCR. PCR was performed using i-MAX™ ||
DNA polymerase as follows: denaturation at 95°C for 1
min, annealing at 55°C for 1 min, and extension at 72°C
for 1 min. The synthetic primers for RT-PCR were primer
1 (5'-ccttgttcagctacgccttc-3')/primer 2 (5'-ctgagggctctgt-
tgaggtc-3’) for INOS, primer 3 (5'-cttcaagggagtctggaacat-
tgtg-3')/primer 4 (5'-cttgagtatgtcgcacactctgttg-3') for COX-
2, and primer 5 (5'-tggaatcctgtggcatccatgaaac-3’)/primer
6 (5'-taaaacgcagctcagtaacagtccg-3’) for p-actin. The PCR
products were approximately 500 bp.

Statistical analysis

The results were expressed as mean + S.E. Compari-
son between experimental groups was performed by
ANOVA test followed by the Tukey’'s multiple range tests.
P values less than 0.05 were considered to be signifi-
cant. The ICy, values were calculated from the dose/
response linear regression plots.
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RESULTS AND DISCUSSION

Anti-angiogenic activity

Since G. elata Blume rhizome contains anti-inflamma-
tory and anti-angiogenic activities (Ahn et al., 2007), the
identity of its anti-angiogenic and anti-inflammatory princi-
ple(s) attracts our interest. Vanillin, one of major phenolic
constituents in G. elata (Cao et al., 2001), was supposed
to be one of plausible candidates for anti-inflammatory
and related activities.

Down-regulation of angiogenesis is considered to be
useful for the treatment of cancer and inflammatory dis-
eases. The chick chorioallantoic membrane (CAM) assay
was used for examining the anti-angiogenic activity of
vanillin, and retinoic acid was used as a positive control
for the assay. After the 2-day treatment, retinoic acid at 1
ug/egg showed an inhibition of 85.0% in the branching
patterns of blood vessels (Fig. 1). When 0.3, 1.0 and 3.0
ug/egg of vanillin was applied in the CAM assay, the inhi-
bition percentages in CAM angiogenesis were measured
to be 38.0%, 63.6% and 71.0%, respectively (Fig. 1). The
concentration required for half-maximal inhibition (ICsj) of
vanillin was determined to be 0.7 ug/egg. This indicates
that vanillin contains significant anti-angiogenic activity in
a concentration-dependent manner.

Anti-inflammatory activity
Since vanillin has been identified to possess signifi-
cant anti-angiogenic activity in the present work, its anti-
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Fig. 1. Concentration-dependent anti-angiogenic activity of
vanillin in the chick embryo chorioallantoic membrane (CAM)
assay. Retinoic acid (RA, 1 ug/egg) was used as a positive
control. Each experimental group contained at least 20 eggs.
Experiments were performed in triplicate. Each column repre-
sents mean + S.E. *P<0.05; *P<0.01; ***P<0.001 versus con-
trol.

inflammatory activity was examined using a vascular per-
meability assay, a model typical of the first stage inflam-
matory reactions (Vogel and Vogel, 1997). Vanillin at the
oral doses of 25, 50 and 100 mg/kg showed an inhibition
of 14.2%, 40.6% and 49.8% in the vascular permeability
assay, respectively. The oral dose required for half-maxi-
mal inhibition (IC5) of vanillin was 93.3 mg/kg. This find-
ing implies that an acute inflammatory activity of vanillin
arises from its protection on the release of inflammatory
mediators at the first stage.

Anti-nociceptive activity

Anti-nociceptive activity of vanillin was subsequently
examined using acetic acid-induced writhing response.
As shown in Fig. 2, vanillin at 25, 50 and 100 mg/kg body
eight, p.o., caused an inhibition by 47.7%, 52.8% and
64.7%, respectively, on the writhing response induced by
acetic acid. The oral dose required for half-maximal inhi-
bition (IC5p) of vanillin was 31.3 mg/kg. This finding indi-
cates that vanillin also contains anti-nociceptive activity in
addition to anti-inflammatory activity, suggesting that the
same mediator might be commonly involved in the anti-
inflammatory and anti-nociceptive activities of vanillin.

Inhibitory activity on nitric oxide (NO) production
iINOS is especially up-regulated during sustained inflam-
mation such as arthritic disorders (Cuzzocrea, 2006). For
the expression of inducible NOS (iNOS), the mammalian
cells should be triggered by specific stimulants, such as
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Fig. 2. Inhibitory effect of vanillin on the acetic acid-induced
writhing response in mice. Vanillin (25, 50 or 100 mg/kg body
weight) was orally administered. Aminopyrine (AP, 100 mg/kg
body weight) was used as a positive control. Experiments
were performed in triplicate. Each column represents mean *
S.E. (n=7). **P<0.01 versus control.
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Fig. 3. Effects of vanillin on NO production in LPS-stimulated
RAW?264.7 macrophage cells. The values are mean = S.E. of
the three independent experiments. **P<0.01 versus LPS only.

pro-inflammatory cytokines and bacterial lipopolysaccha-
ride (LPS; Chesrown et al., 1994). Suppression of iINOS
is believed to be closely linked with anti-inflammatory
action. Since the anti-inflammatory activity of vanillin was
assessed in this study, the effect of vanillin was evalu-
ated on LPS-induced NO expression in RAW264.7 mac-
rophages (Fig. 3). The accumulated nitrite, determined by
the Griess method, in the medium was used as an index
for NO level. When the macrophage cells were treated
with LPS, the nitrite content increased about 6-fold (Fig.
3). When the macrophage cells were pre-treated with 0.1,
0.5 and 1.0 mM vanillin, the NO production induced by
LPS was significantly suppressed in a concentration-
dependent manner (Fig. 3). As shown in Fig. 4A, vanillin
concentration-dependently suppressed iNOS induction
without changes in the levels of B-actin, an internal con-
trol, indicating the specific inhibition of INOS expression by
vanillin. Vanilin was able to concentration-dependently
reduce induction of the INOS mRNA level, detected by
RT-PCR, in the same activated macrophage cells, indi-
cating that vanillin acts on a transcriptional level (Fig. 4B).
However, vanillin, at the concentrations capable of reduc-
ing the NO production in the activated macrophages, was
unable to modulate COX-2 at both protein and mRNA
levels (Fig. 4A, B), which suggests that vanillin might
exhibit its anti-inflammatory activity independent of COX-
2. 4-Hydroxybenzyl alcohol, an analogue of vanillin, was
previously shown to contain anti-angiogenic, anti-inflam-
matory and anti-nociceptive activities via its down-regulat-
ing activity on nitric oxide production (Lim et al., 2007).
Vanillin, 4-hydroxybenzyl aldehyde and 4-hydroxybenzyl
alcohol were able to prevent hippocampal CA1 cell death
following global ischemia (Kim et al., 2007). Taken
together, vanillin suppresses NO production through
inhibiting transcriptional induction of INOS in the acti-
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Fig. 4. Effects of vanillin on expression of INOS and COX-2 at
protein (A) and mRNA (B) levels in LPS-stimulated RAW264.7
macrophage cells. For western analysis (A), the cell lysates
(30 ug protein) were separated by SDS-PAGE, transferred to a
polyvinylidene difluoride membrane and blotted with appropri-
ate antibodies. For measurement of INOS and COX-2 mRNAs
(B), total MRNAs were isolated from appropriate cells using
Trizol® reagent and amplified by RT-PCR. B-Actin was used an
internal control. These patterns are representatives of the
three independent experiments.

vated macrophages, which might support anti-inflamma-
tory and anti-nociceptive activities of vanillin.

CONCLUSIONS

Vanillin, one of well known phenolic compounds widely
distributed in various kinds of plants, possesses anti-
angiogenic, anti-inflammatory and anti-nociceptive activi-
ties. Vanillin also reduces production of NO via suppres-
sion of INOS at the transcriptional level in the LPS-
activated RAW264.7 macrophage cells. No cytotoxicity
on the macrophages was observed at the used concen-
trations of vanillin, which was determined by MTT assay
(data not shown). These findings provide some novel
pharmacological information on vanillin, which supports
its therapeutic use for some diseases.
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