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The analgesic activity of 4-hydroxy-3-methoxybenzaldehyde (vanillin) derivatives with different
pharmacophore groups were studied in vivo in models of chemically induced pain induced by subplantar ad-
ministration of the TRP ion channel agonists capsaicin and allylisothiocyanate. The anti-inflammatory actions
of vanillin derivatives were demonstrated in a model of carrageenan-induced edema. The analgesic and
anti-inflammatory activities of vanillin and its derivatives were studied; these are linked with the effects of
these substances on TRPA1 and TRPV1 receptors.
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TRP channels (transient receptor potential channels)
were first observed in 1969. Studies using a mutant Droso-
phila melanogaster showed the role of TRP channels in
forming electrical responses to exposure to light in the visual
analyzer [1]. Despite more than 40 years of work, intense
study of TRP channels started only in the 1990s after the
cloning and sequencing of the Drosophila TRPL channel
gene [2]. More recently, studies of TRP channels have paid
detailed attention to their undoubted role in the organization
of the mechanisms of sensitivity to various phyhsical and
chemical stimuli [3, 4]. From the point of view of practical
medicine, there is interest in the involvement of TRP chan-
nels in generating pain impulses in nociceptive nerve fibers
[4]. Substances influencing TRPV channel-associated recep-
tors (the vanilloid family of TRP channels) are currently re-
garded as a fundamentally novel class of analgesics with
great potential [5].

The classical TRPV-1 receptor agonist is capsaicin [6].
Important characteristics of the mechanism of action of this
compounds include the ability to induce intense pain sensa-
tions on primary activation of capsaicin-sensitive nerve fi-
bers and subsequent analgesia associated with desensitiza-
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tion of TRPV-1 receptors in response to prolonged exposure
to capsaicin [7]. In relation to this pain-countering activity,
capsaicin has found use as an analgesic in chronic pain [8, 9].
The potential and efficacy of the use of capsaicin in the pain
clinic consistently attracts research attention to substances
with similar structure. These may include compounds of
plant origin, as well as newly synthesized substances [10].
From the pharmacochemical point of view, the capsaicin
molecule and similar compounds can be identified as having
three functional parts (Fig. 1) [9].

The A segment corresponds to a substituted benzene
ring. This segment is the stable part of capsaicinoids and
capsinoids, modification of this part in most cases leading to
complete loss of biological activity. The B segment also has
little variation and consists of an amide or ester bond.
Capsaicinoids lacking this segment have lower affinity for
TRPV-1 receptors [10]. The C segment is an aliphatic chain,
saturated or containing a double bond, and is a variable frag-
ment. From the pharmacological point of view, the most im-
portant part of the molecule is the vanilloid segment, which
is responsible for affinity to TRPV-1 receptors, the aliphatic
“tail” performing a modulatory function.

As indicated, modification of the vanilloid part has ex-
tremely significant influences on the biological activity of
derivatives. In some cases, substitution of agonist properties
in relation to TRPV-1 receptors by antagonist has been
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Fig. 1. Chemical structure of the capsaicin molecule: 7) the slightly varying A segment; 2) the B segment, corresponding to the amide or ether

bond; 3) the structurally most variable C segment.

achieved by introduction of halogen radicals into the ben-
zene ring [11].

We selected vanillin as the parental molecule; this has
significant potential for creating substances with positive bi-
ological activity [12] and has affinity for TRP receptors.
Modulation of the pharmacological activity was attained us-
ing vanillin derivatives with differences in the B segment.
Considering the positive influences of these compounds on
the structure of biological membranes, it seems appropriate
to study these derivatives using transdermal administration,
with evaluation of their analgesic and anti-inflammatory ac-
tivities.

EXPERIMENTAL SECTION

Studies of analgesic and anti-inflammatory activity in the
present work used transdermal administration of the follow-
ing vanillin derivatives: vanillin oxime, vanillyl alcohol, and
vanillic acid. These derivatives were synthesized from
vanillin (98%, TCI, Belgium) using known methods [13].

The soft base for ointments was prepared by mixing
polyethylene glycol 1500, polyethylene oxide 400, and
1,2-propylene glycol at a ratio of 4:2:3. The resulting mix-
ture was warmed with mixing to complete dissolution of
polyethylene oxide 1500, after which one of the active sub-
stances (vanillin, vanillin oxime, vanillyl alcohol, or vanillic
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acid) was added. The final concentrations of active sub-
stances in ointment was 2% (w/w).

Studies were performed in animals reared and kept in the
animal house of Odessa National Medical University. Mice
(60 individuals) and rats (30 individuals) were selected ran-
domly for experimental studies; rats were male Wistar rats
weighing 180-220 g and mice were male CBA mice weigh-
ing 16-20 g. Animals were kept in standard animal-house
conditions with free access to food and water. All studies us-
ing animals were carried out in compliance with the
bioethical norms of the European Convention for the Protec-
tion of Vertebrate Animals Used for Experimental and Other
Specific Purposes (Strasbourg, 1986).

Studies of analgesic activity were performed on mice di-
vided into six groups of 10 individuals. The right hindlimb of
mice of the four experimental groups was treated with one of
the four ointments 10 min before the test started. Approxi-
mately 10 mg of ointment was applied to the limb and was
lightly rubbed into the skin. Animals of group 5 were con-
trols (treated with ointment base). Animals of group 6 re-
ceived application of ointment containing reference agent
Anaesthesin to the hindlimb. Each group, including the con-
trol group, was divided into two equal subgroups (each of
five individuals). Animals of subgroup 1 were used in the
capsaicin test and animals of the second subgroup were used
in the allylisothiocyanate test.
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Fig. 2. Analgesic activity of vanillin and its derivatives (capsaicin test): *p < 0.01, **p <0.001 compared with animals of the control group.
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Fig. 3. Analgesic activity of vanillin and its derivatives (allylisothiocyanate test): *p < 0.01, **p < 0.001 compared with animals of the control

group.

Anti-inflammatory activity was studied in rats, which
were also divided into six groups, each containing five indi-
viduals. Animals of group 1 were treated with ointment con-
taining vanillin, group 2 with ointment containing vanillin
oxime, group 3 with ointment containing vanillyl alcohol,
and group 4 with ointment containing vanillic acid. Animals
of group 5 were used as controls (treated with ointment
base). Group 6 were treated with ointment containing refer-
ence agent ibuprofen.

Capsaicin and allylisothiocyanate (AITC) tests for
analgesic activity. Tests for analgesic activity were per-
formed as described elsewhere [14].

Carrageenan-induced inflammatory edema. Inflam-
mation was induced in experimental animals by subplantar
administration of carrageenan as described in [15]. Treat-
ment of animals with carrageenan-induced edema started im-
mediately after administration of phlogogen and 2 h after ad-
ministration. Ointment was then applied once each day. Oint-
ment was applied at a dose of 50 mg to the area of
inflammation, after which it was gently rubbed in for several
minutes.
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The distribution of the data obtained during the study
was checked for normality using the Shapiro-Wilk test. As
all data in the experimental groups had normal distributions,
unifactorial analysis of variance was performed followed by
Student’s ¢ test with the Bonferroni correction. Differences
between values for which p < 0.05 were regarded as statisti-
cally significant.

RESULTS AND DISCUSSION

Studies of analgesic and anti-inflammatory activities
were carried out for soft medicinal formulations containing
2% active ingredient (vanillin or its derivatives). Further in-
creases in the content of active component in the ointment
did not lead to increases in the pharmacological effect. Ref-
erence agents in the ointment base were used at equimolar
quantities of Anaesthesin/ibuprofen which, considering the
close molecular weights of vanillin derivatives and reference
compounds, were also 2%. Administration of capsaicin and
allylisothiocyanate led to marked nociceptive reactions.
Times spent licking the irritant administration site were taken
as a measure of the intensity of the pain response. Prior treat-
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Fig. 4. Anti-inflammatory activity of vanillin and its derivatives in carrageenan-induced edema in rats (limb volume): *p < 0.05 compared with
animals of the control group. Significance values very applied to all study groups.
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ment of the limb in mice with vanillin or its derivatives could
either lengthen or shorten the licking period (Figs. 2 and 3).
Use of vanillin and vanillin oxime increased the licking pe-
riod by factors of 1.75 and 1.5 in the capsaicin test and by
factors of 1.18 and 1.21 in the allylisothiocyanate test respec-
tively. Vanillyl alcohol and vanillic acid decreased licking
time by factors of 1.64 and 1.86 in the capsaicin test and 1.89
and 1.74 in the allylisothiocyanate test respectively.

The anti-inflammatory activity of vanillin and its deriva-
tives was assessed in terms of the ability to decrease carrage-
enan-induced edema. The dynamics of changes in the vol-
ume of edema at the carrageenan administration site in ani-
mals of the control and experimental groups are shown in
Fig. 4. During the first day after administration of phlogogen,
there were no significant differences in the magnitude of
edema in animals of the control and experimental groups.
The volumes of the inflamed area in groups receiving treat-
ment on days 2 and 3 were 1.44 and 1.24 times lower than in
animals of the control group (min p = 0.04) on days 2 and 3
respectively. There were no significant differences in the
therapeutic efficacies of the ointments used.

Injections of capsaicin into the soft tissues of the footpad
led to a pain response associated with activation of TRPV-1
membrane channels in C-type nerve fibers. The study com-
pounds produced different actions on capsaicin-induced pain
reactions. Vanillin and vanillin oxime potentiated the action
of capsaicin, leading to an increase in the duration of licking,
which is evidence of an increase in the pain response. At the
same time, vanillyl alcohol and vanillic acid decreased the
licking period. According to current views of the structure of
the TRPV-1 channel, when this channel is in the closed state,
the capsaicin binding site contains a small lipid molecule
[16]. To exert its biological effect, capsaicin has to displace
this molecule from the binding site. On pretreatment of the
limb with ointment containing vanillin or is derivatives, we
suggest that these latter displace the lipid molecule from the
membrane pocket and take its place. Capsaicin injected into
the tissue must then displace the vanillin or vanillin deriva-
tive from the receptor binding site. It follows from this pro-
posed mechanism that the affinity of TRPV-1 for vanillin and
vanillin oxime is lower than that for the natural “lipid bung”
and, conversely, is higher in the cases of vanillyl alcohol and
vanillic acid. These factors alter the binding kinetics of
capsaicin with TRPV-1 and, ultimately, alter the extent of the
pain reaction.

An explanation for these proposed differences in the af-
finities of the study compounds for the vanilloid binding site
from our point of view is provided by the energy of hydrogen
bonds formed between the variable fragment of the corre-
sponding substances (the B segment) and hydrophilic groups
in amino acid residues. Two groups of hydrogen bonds are
critical for holding capsaicin in the membrane pocket. The
first group is formed between methoxy and hydroxy radicals
in the benzene ring and the corresponding polar fragments of
amino acids; the second group of bonds arises in the region
of the amide group [17]. Modification of the B segment of
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vanillin leads to strengthening or weakening of hydrogen
bonds between this fragment and the polar groups of amino
acids, which is reflected in the process of displacement of
capsaicin by the test compounds from the membrane pocket.
The allylisothiocyanate pain model is based on binding of
allylisothiocyanate with TRPA-1 (TRP ankyrin family) and
opening of TRPA-1 channels [18]. TRPA-1 channels, like
TRPV-1 channels, are nonspecific cationic channels which
can be activated by various chemical and physical stimuli
[19, 20]. The activation of the pain response occurring in
these conditions is mediated by arousal of nociceptive nerve
fibers and subsequent release of neuropeptides [21]. As in
the case of TRPV-1 receptors, preliminary treatment of the
limb with ointment containing vanillin or its derivatives
leads to modulation of the pain response induced by activa-
tion of TRPA-1 receptors. It is interesting to note that the in-
fluences of vanillin and its derivatives on changes in the pain
response are in the same direction in both models.

Studies of anti-inflammatory activity were performed us-
ing a carrageenan edema model. Injection of carrageenan
into the tissue induces a multiple of extra- and intracellular
biochemical cascades, as well as intercellular interactions in-
cluding release of histamine and serotonin [22] and bradyki-
nin [23], activation of COX and synthesis of eicosanoids
[24], and a response on the part of the vascular endothelium
[25]. Despite the differences in the processes activated in the
case of carrageenan-induced edema, we believe that the ther-
apeutic compounds used in our studies acted at the subse-
quent points of the inflammatory cascade — delayed desensi-
tization of TRPA-1 and TRPV-1, decreased production of
neurogenic peptides, and decreased mast cell and tissue
macrophage activity.

The use of vanillin and its derivatives as anti-inflamma-
tory compounds had no significant influences on the dynam-
ics of the development of carrageenan-induced edema in the
first hours after administration. The differences seen in the
extents of inflammatory edema in animals of the experimen-
tal and control groups one day after induction of inflamma-
tion and after two treatments were insignificant (p = 0.27).
These data lead to the conclusion that the study compounds
have no marked influence on the first phase of carrageenan
edema, which is dependent on biogenic amines, bradykinin,
and interleukins. Decreases in edema seen in animals of the
experimental groups on day 2, as compared with the con-
trols, were multifactorial in nature. The developing desensiti-
zation of TRP (vanilloid and ankyrin) in sensory nerve fibers
leads to decreased release of substance P and calcitonin
gene-related peptide. These substances stimulate hyperal-
gesia and increase vascular permeability, and substance P is
also an activator of neutrophils, basophils, and mast cells; the
monoamines released by them on degranulation also pro-
mote growth of capillary porosity [20]. Thus, decreases in
the release of these neuropeptides lead to decreases in edema
and pain, which was observed in our experimental conditions
on the second day of treatment.
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Thus, these studies established the analgesic and anti-in-
flammatory activity of vanillin and its derivatives, which is
linked with the influences of these substances on TRPA-1
and TRPV-1. We believe that differences between the effects
of study compounds on pain responses in experimental
nociception models are explained by the characteristics of
the binding of vanillin and its derivatives with the affinity
sites of TRPA-1 and TRPV-1. The anti-inflammatory actions
are mediated by a number of mechanisms, including suppres-
sion of the production of tachykinins, decreased levels of
macrophage and mast cell activation, decreases in the pro-
duction of proinflammatory cytokines, and decreases in
COX and NO synthase.
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