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Abstract:

The main objective of this study was to evaluate the antinociceptive activity of three ethylenediamine derivatives and three �-aminoeth-

anol lipidic derivatives structurally related to dihydrosphingosine. These derivatives were selected on the basis of previous results from

in vitro and in vivo anti-inflammatory studies. For all of the assayed compounds, an intraperitoneal dose of 3 mg/kg caused pronounced

pain inhibition as measured by the acetic acid-induced writhing model in mice. Compounds 3 and 6 demonstrated strong antinocicep-

tive activity at doses as low as 1 mg/kg and proved to be considerably more potent than the common nonsteroidal anti-inflammatory

drugs (NSAIDs), acetylsalicylic acid (ASA) and acetaminophen (ACE). We further analyzed these compounds using the capsaicin- and

glutamate-induced pain tests. Compounds 3 and 6 also exhibited considerable antinociceptive effects under these conditions, but their

inhibitory effects in the formalin test were less pronounced. The exact mechanism of action for these compounds has yet to be estab-

lished. However, based the results from a hot-plate test, it can be stated that these new drugs do not interact with the opioid system.
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Abbreviations: AA – acetic acid, ACE – acetaminophen,

AMPA – �-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid,

ASA – acetylsalicylic acid, COX – cyclooxygenase, CNS – central

nervous system, DHSP – dihydrosphingosine, KA – kainate, LOX

– lipoxygenase, NKs – selective neurokinin, NMDA – N-methyl-

D-aspartic acid, NSAIDs – nonsteroidal anti-inflammatory drugs,

NO – nitric oxide, sPLA� – secretory phospholipase A�, SPH –

sphingosine, S1P – sphingosine 1-phosphate, TNF� – tumor necro-

sis factor-�, VR1 – vanilloid receptor subtype 1

Introduction

The effective treatment of severe pain continues to be

one of the major challenges in healthcare. While anal-

gesics that target the central opioid system are highly

effective, their addictive and respiratory-depressant

effects, as well as the development of tolerance to

prolonged applications, have led to the necessary con-

trol of prescriptions for clinical use and a progressive

decrease in their pain-relieving efficacy [2, 5]. Less effec-

tive analgesics, such as non-steroidal anti-inflammatory

drugs (NSAIDs), also have significant adverse ef-

fects, primarily related to the gastrointestinal tract,

that preclude their use in high doses or for prolonged

periods, as required for the treatment of acute or

chronic pain-associated diseases [24, 25].

There is evidence that secretory phospholipase A�

(sPLA�) plays an important pathophysiological role in

various diseases, such as septic shock, adult respira-

tory distress syndrome, arthritis, acute pancreatitis
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and many other pain-related diseases [8, 14, 21].

Thus, the design, synthesis and evaluation of structur-

ally new sPLA� inhibitors could serve as a basis for

the development of new, more potent analgesics that

lack the above-mentioned adverse effects.

Sphingosine (SPH, Fig. 1) is an essential compo-

nent of sphingolipids and ceramides. In mammals, it

is primarily released from ceramides and biosynthe-

sized through several steps from its saturated precursor,

dihydrosphingosine (DHSP). Sphingosine 1-phosphate

(S1P), the activated form of SPH, is involved in

a wide spectrum of biological processes, including

Ca++ mobilization, cell growth, differentiation and

migration [1, 17, 20]. Interestingly, it has recently

been reported that S1P modulates spinal nociceptive

processing [10], thus validating and complementing

the recent findings on the antinociceptive activity of

FTY720, a lipidic immunosuppressive drug reported

to be a S1P receptor agonist [11].

From the structural point of view, FTY720 could

be related to SPH and DHSP in two main aspects; it

contains the 2-aminopropane-1,3-diol fragment in

a pseudo-symmetric functional arrangement, and it also

contains a benzene-modified long side-chain that gives it

a substantial lipidic nature, which promotes drug-

membrane interaction and would facilitate the crossing of

the blood-brain barrier and access to the nervous system.

Previously, in an effort to discover better NSAIDs,

we designed and synthesized various series of lipidic

aminoalcohol and diamine derivatives with simple

aminoethanol or ethylenediamine fragments attached

to a linear side-chain. We then demonstrated their

sPLA2 inhibitory effects and, subsequently, their

anti-inflammatory activity [15, 16]. Based on these

results, we initiated a progressive evaluation of the

antinociceptive properties of some selected com-

pounds from these series. We present the results of

this evaluation on six selected substances that are rep-

resentative of the lipidic aminoalcohol and diamine

series. After an initial evaluation through the acetic

acid (AA)-induced writhing test, the most potent

compounds were further evaluated in more detail

through distinct classical models of pain in mice. Two

well-known analgesic drugs, acetylsalicylic acid

(ASA) and acetaminophen (ACE), were included in

these studies for comparison.

Material and Methods

Chemistry

The starting materials, substrates, reagents and sol-

vents used in the synthesis were of pure technical

grade (Aldrich, Merck, Fluka & Scharlau). The final

products, obtained as racemates, were purified either

by re-crystallization in the appropriate solvent system

(in the case of solids) or by preparative chromatogra-

phy on SiO� gel. Characterization was based on the re-

spective spectral (IR, �H- and ��C-NMR and MS) and C,

H, N microanalytical data.

General synthesis of lipidic ethylenediamine

and �-aminoalcohol derivatives

The summarized preparations of the lipidic diamine

and aminoalcohol derivatives are shown in Scheme 1.

As a representative preparation, Boc-aminoacid (A),

previously obtained from diethyl 2-acetamidomalonate

and 1-bromotetradecane, was transformed into a mixed

anhydride and reduced by NaBH� to give the Boc-

aminoalcohol (B). Diamines (C) were prepared from

B by successive mesylation, substitution with sodium

azide and reduction with NaBH� in the presence of

Pd/C, leading to Boc-diamine (1), which through al-

kylation with EtBr or acylation with glutaric anhy-
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dride, gave the desired diamine derivatives (2 and 3,

respectively).

To obtain the aminoalcohol derivative (E), the hy-

droxyl group of compound B, was benzylated, the

Boc group was removed by acid hydrolysis and the

amine was then properly alkylated/acylated to give

the desired ethylenediamine derivatives (4–6). In the

case of compound 4, the benzyl group was removed

by catalyzed hydrogenolysis [16].

PHARMACOLOGY

Animals

Swiss Webster mice (25–35 g), housed at 22 ± 2°C

under a 12-h light/12 h dark cycle with access to food

and water ad libitum, were acclimatized to the labora-

tory for at least one hour before testing. For each ex-

periment, one group of animals was used. The experi-

ments reported here were carried out in accordance

with the current ethical and care guidelines for the

care of laboratory animals and investigation of experi-

mental pain in conscious animals [28]. The experi-

ments were approved by the local Ethics Committee

of this institution (113/2005-03 UNIVALI). The

number of animals (6–8 per treatment group) and the

intensities of noxious stimuli used were the minimum

necessary to demonstrate consistent effects of the

drug treatments.

Chemicals

The following drugs were used: ASA, ACE, capsaicin

and glutamate hydrochloride (Sigma-Aldrich), acetic

acid and formaldehyde (Merck) as well as morphine

hydrochloride (Cristália). All of the compounds were

dissolved in Tween 80 (E. Merck) plus a 0.9% of

NaCl solution with the exception of capsaicin, which

was dissolved in absolute ethanol. The final concen-

tration of Tween 80 and ethanol did not exceed 5%

and, at the doses used, did not cause any observable

effect or change in the treated animals.

Acetic acid-induced writhing

Abdominal constriction induced by the intraperitoneal

(ip) injection of acetic acid (0.6%) was carried out ac-

cording to the procedures described previously by

Collier and co-workers [9] with minor modifications.

Male Swiss Webster mice were pre-treated with de-

rivatives (1–3 mg/kg, ip) or compounds 3 and 6

(0.1–3 mg/kg, ip and 50 mg/kg, oral) 30 min prior to

the acetic acid injection, when administrated intrape-

ritoneally, or 1 h prior to injection, when adminis-

trated orally. The negative control animals received

a similar volume of 0.9% NaCl (10 ml/kg, ip), and the

positive control animals were pre-treated with the ref-

erence drugs ASA and ACE at 10 mg/kg, ip and

100 mg/kg by the oral route. All of the experiments

were carried out at 23 ± 2°C. After the challenge,

pairs of mice were placed in separate boxes and the
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number of constrictions of the abdominal muscles, to-

gether with stretching, were counted cumulatively

over a period of 20 min. Antinociceptive activity was

expressed as the difference in the number of abdomi-

nal contractions between the control animals and the

pretreated animals.

Formalin-induced nociception

The procedure used was similar to that described pre-

viously [13]. Animals from the same strain were used,

and 20 µl of 2.5% formalin solution (0.92% formalde-

hyde) was injected intraplantarly into the right hind-

paw. After injection, the time spent licking the in-

jected paw was recorded and used as an indication of

pain. The initial nociceptive scores peaked approxi-

mately 5 min after formalin injection (first phase) and

again 15–30 min after formalin injection (second

phase), representing neurogenic and inflammatory

pain, respectively. To investigate the possible antino-

ciceptive action of our compounds, the animals were

treated with compounds 3 and 6 (10 mg/kg via ip in-

jection and 50 mg/kg, oral). At the end of the experi-

ments, the animals were sacrificed with ether. The

paws were cut at the tibio-tarsic joint and weighed on

analytical scales to investigate the interference of

compounds 3 and 6 on the formalin-induced inflam-

matory edema.

Capsaicin-induced nociception

The procedure used was similar to that described pre-

viously [22]. After the adaptation period, 20 µl of cap-

saicin (1.6 µg/paw) was injected intraplantarly into

the right hindpaw. The animals were observed indi-

vidually for 5 min following the capsaicin injection,

and the amount of time spent licking the injected paw

was timed with a chronometer and was considered to

be indicative of nociception. The animals were treated

with compounds 3 or 6 via ip injection (10 mg/kg)

30 min prior to the capsaicin injection. Control ani-

mals received an ip injection of a similar volume of

saline solution.

Glutamate-induced nociception

The animals were treated with compounds 3 and 6 via

ip route (10 mg/kg) 30 min before the glutamate in-

jection. A volume of 20 µl of glutamate solution

(30 µmol/paw) was injected intraplantarly under the

surface of the right hind paw, as described by Beirith

and co-workers [3]. After injection, the animals were

observed for 15 min. The time spent licking or biting

the injected paw was timed with a chronometer and

considered to be indicative of pain.

Hot plate test

The hot plate test was used to measure response laten-

cies, according to the method described by Eddy and

Leimback [12]. The mice were treated with a saline

solution, morphine (10 mg/kg, sc) or compounds 3 or

6 (10 mg/kg, ip), and placed individually on a hot

plate, which was kept at the temperature of 56 ± 1°C.

The time between placing the animal on the hot plate

and the occurrence of either licking the hind paws,

shaking the paw, or jumping off the surface of the hot

plate was recorded as response latency. Mice with

baseline latencies of more than 20 s were eliminated

from the study, and the cut-off time for the hot plate

latencies was set at 30 s. The animals were treated

30 min before the assay.

Statistical analysis

Results are presented as the mean ± SE mean, except

the mean ID�� values (i.e., the dose of drugs or com-

pounds reducing the algesic responses by 50% rela-

tive to control value) which are reported as geometric

means accompanied by their respective 95% confi-

dence limits. The statistical significance between

groups was analyzed by variance followed by Dun-

nett’s multiple comparison test; p-values of less than

0.05 were considered as indicative of significance.

ID�� values were determined by graphical interpola-

tion from individual experiments.

Results

The general synthetic procedures followed for the

preparation of the lipidic diamine and aminoalcohol

derivatives have been reported previously [16, 19]

and are summarily described above. Here, we include

only the structures of those compounds evaluated in this

research (Fig. 2), corresponding to three ethylenedia-

mine (1–3) and three �-aminoethanol derivatives (4–6).
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Table 1 shows all of the compounds evaluated in

the AA-writhing test in mice (3 mg/kg, ip). To identify

the most potent compounds, five compounds were

also assayed at a dose of 1 mg/kg. At this dose, com-

pounds 3 and 6 displayed high pain inhibition per-

centages (81% and 63%, respectively), therefore,

these two substances were selected for further testing

in other models of pain.

We also evaluated these compounds with an oral

administration of 50 mg/kg. In these experiments,

compounds 3 (106.2 µmol) and 6 (108.3 µmol) dem-

onstrated analgesic effects, reducing the number of

abdominal constrictions induced by AA by 28.8% and

34.8%, respectively (Fig. 3).

In the formalin test, compounds 3 and 6 were

evaluated by the systemic and oral routes, with inter-

esting results. When administered through the ip sys-

temic route, compound 3 presented inhibition maxima

of 36.1 and 44.4% in the first and last phases, respec-

tively, while compound 6 showed inhibition maxima

of only 28.3% and 26.2%. However, when given

orally at 50 mg/kg, compound 6 presented inhibitions
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Tab. 1. Antinociceptive effects of compounds 1–6 and the reference drugs on AA-induced abdominal constrictions in mice

Compounds R1 R2 Inhibition (%, ip)

3 mg/kg (ip) 1 mg/kg (ip)

1 –NH2 –Boc 71.3 (± 1.9)* 18.4 (± 3.2)

2 –NH-Et –Boc 80.1 (± 2.8)** 20.4 (± 2.2)*

3 –NHCO(CH2)3COOH –Boc 85.2 (± 1.1)** 81.2 (± 0.5)**

4 –OH –Et 70.0 (± 2.8)** nt

5 –OH –CO(CH2)3COOH 73.3 (± 2.3)** 26.2 (± 2.4)*

6 –OCH2Ph –CO(CH2)3COOH 68.7 (± 1.8)** 63.7 (± 2.1)**

10 mg/kg (ip)

ASAa 35.0 (± 2.0)*

ACEa 38.0 (± 1.0)**

Each value represents the mean ± SEM of 6 experiments; ip – intraperitoneal, nt – not tested, * p < 0.05 and ** p < 0.01, compared with the re-
spective control values

Fig. 2. Molecular structures of the new antinociceptive compounds



of 30.7% and 35.5% (Tab. 2). It should be mentioned

that at the doses tested by the ip and oral routes, none

of the compounds significantly affected the paw

edema associated with the late phase of formalin-

induced nociception (results not shown).

In the capsaicin test, compounds 3 and 6 displayed

inhibition values of 43.0% and 47.4%, respectively,

at 10 mg/kg, ip. In the glutamate test, they showed

inhibition values of 52.4 and 56.3%, respectively

(10 mg/kg, ip). However, in the hot plate test, both

compounds failed to produce any relevant antino-

ciceptive effect (Tab. 3).

Discussion

The main structural features of the evaluated com-

pounds are those: a) All of the compounds contain

a C-14 aliphatic side-chain, similar to that of SPH and

DHSP, which facilitates intestinal absorption and in-

creases their ability to cross the blood-brain barrier; b)

A carbamate function (Boc) that is attached to the ni-

trogen atom at position 2 of the chain is present in all

diamine derivatives, and c) Alkyl or acyl groups at

position 2 are the preferred substituents for the 2-

aminoalcohol derivatives. These structural character-

istics relating to the size and substitution patterns of

the compounds selected for the antinociceptive

evaluation were defined on the basis of previous stud-

ies and considerations deduced from a panel of results

collected from different in vitro and in vivo assays. In

particular, the results for cytosolic and secretory

phospholipases A� inhibition [16] were taken into
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Fig. 3. Effect of compounds 3
and 6 (50 mg/kg, oral) against
acetic acid-induced abdomi-
nal constrictions in mice.
Each column represents the
mean ± SEM of six experi-
mental values. *Significance
levels, compared with the
control group, ** p < 0.01

Tab. 2. Antinociceptive effects of compounds 3, 6 and ASA
(10 mg/kg, ip and 50 mg/kg) against the first (0-5 min) and second
(15-30 min) phases of the formalin-induced licking

Compound Formalin test – % inhibition

10 mg/kg (ip) 50 mg/kg (oral)

First phase Second phase First phase Second phase

3 36.1 ± 8.2 29.3 ± 6.7 8.3 ± 5.1 38.2 ± 6.8

6 28.3 ± 8.4 22.5 ± 5.8 30.7 ± 2.3 35.5 ± 8.7

ASA 16.0 ± 2.0 45.0 ± 5.0* Inactive** Inactive**

Each group represents the mean ± SEM of six to eight animals. * p
values < 0.05 compared with respective control values. ** 65.7% in-
hibition at 500 mg/kg

Tab. 3. Antinociceptive effects of compounds 3, 6, ASA and mor-
phine (10 mg/kg, ip) against the capsaicin and glutamate-induced
licking and against the pain responses in the hot plate test

Compound Capsaicin test
% Inhibition

Glutamate test
% Inhibition

Hot plate test
% MPE

3 43.0 ± 6.2** 52.4 ± 9.6** 12.5 ± 2.4

6 47.7 ± 3.5** 56.3 ± 3.1** 15.5 ± 3.3

Morphine 100 ± 0.0**

Each group represents the mean ± SEM of six to eight animals. * p
values < 0.05 and ** < 0.01 compared with respective control values



account, along with the inhibitory activity on

intracellular calcium mobilization and inflammation

[15] and the effects on limphoproliferation and nitric

oxide (NO) production [19]. Substituents were also

selected to allow for comparisons to define possible

antinociceptive structure-activity relationships, which

would be useful to continue the medicinal chemical

research for a better antinociceptive agent.

All of the compounds had a significant and pro-

nounced antinociceptive effect when analyzed in the

AA-writhing test in mice (3 mg/kg, ip). In fact, they

were much more potent than the reference drugs ASA

and ACE, which were assayed at a higher dose

(10 mg/kg). Given that compounds 3 and 6 showed

the most pronounced pain-reducing effects at lower

doses and were several times more potent than ASA

[133 (73–243) µmol/kg] and ACE [125 (104–250)

µmol/kg], they were evaluated in other specific mod-

els, and their activities were compared with those

found for ASA and ACE.

Local peritoneal receptors are thought to be par-

tially responsible for the abdominal constriction re-

sponse. Some researchers have associated this method

with prostanoids in general, i.e., increased levels of

PGE2 and PGF2�, as well as lipoxygenase products in

peritoneal fluids. Therefore, the results of the AA-

induced writhing test strongly suggest that the mecha-

nism of action for these compounds could be linked to

lipoxygenases and/or cyclooxygenases [27]. In this

respect, it is also important to mention that compound

6, referred to as LAAE-14, was reported by Lucas et

al. [15] to display acute and chronic anti-inflam-

matory effects. According to their findings, these

broad anti-inflammatory effects could be related to

multiple mechanisms, including the attenuation of

leukocyte activation, the inhibition of inducible NO

synthase, cyclooxygenase (COX)-2 and cPLA2 ex-

pression, as well as a reduction in TNF� production,

which is probably a consequence of its inhibitory ac-

tivity on [Ca2+]i mobilization. However, it is impor-

tant to note that other type of analgesics, such as the

opioids, are also effective in this test without inhibit-

ing COX or LOX.

When administered orally, the compounds tested

also showed antinociceptive efficacy against the AA-

induced writhing. This confirmed the expected gastro-

intestinal absorption of both substances, predicted by

their lipophilic and slightly basic (compound 3) or al-

most neutral (compound 6) nature. Although further

extensive assays at higher oral doses are necessary to

calculate their oral ID50 values, we were able to con-

firm that compounds 3 and 6 are more efficacious

than the standard drugs ASA and ACE, which have

ID50 values of 686 (515–914) µmol/kg and 988

(643–1518) µmol/kg, respectively [7], in the same ex-

perimental model.

In the formalin test, compounds 3 and 6 signifi-

cantly inhibited both phases. When given at 10 mg/kg,

ip, compound 3 was more efficacious in the first and

last phases. However, when given orally, compound 6

had a higher efficacy than compound 3 in both phases.

It is also important to note that the chosen refer-

ence drugs only prevented the inflammatory effects

(second phase), whereas the compounds tested by ip

route demonstrated statistically significant inhibition

in both phases but with low efficacy. When adminis-

tered orally, compound 6 was more efficacious and in-

hibited both phases of pain. ASA was not effective at

the same dose by this route.

Drugs that act primarily on the CNS inhibit both

phases equally, while peripherally acting drugs pri-

marily inhibit the late phase. The early phase is most

likely a direct result of nociceptor stimulation in the

paw and reflects centrally mediated pain, whereas the

late phase is due to inflammation accompanied by a re-

lease of serotonin, histamine, bradykinin and prosta-

glandins. To a certain extent, the late phase also involves

the sensitization of the central nociceptive neurons [26].

When evaluated through the capsaicin test, which

provides more direct evidence of the antinociceptive

effect on neurogenic pain, compounds 3 and 6 re-

duced the licking/biting response to intraplantar cap-

saicin. This suggests possible antagonism at the vanil-

loid VR1 receptor [6]. The fact that both compounds

exhibited significant antinociceptive effects when as-

sessed against neurogenic pain (first phase of the for-

malin test and capsaicin-induced algesia) is impor-

tant. It has been well-documented that the majority of

the nonsteroidal anti-inflammatory drugs analyzed

thus far are usually ineffective in preventing the neu-

rogenic pain induced by these two agents [23].

In summary, we observed that lipidic ethylenedi-

amine (1–3) and �-aminoalcohol (4–6) derivatives

significantly reduced the number of writhings induced

by 0.6% acetic acid solution. Two of these, com-

pounds 3 and 6, were considerably more potent than

the reference drugs used for comparison. Although

this test is a non-specific model (i.e., anticholinergic

and antihistaminic and other agents also show activity

in this test), it is widely used for analgesic screening
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and involves local peritoneal receptors (cholinergic

and histamine receptor) as well as acetylcholine and

histamine mediators [18]. In this study, compounds 3

and 6 showed the most pronounced effects and were

selected for more detailed analysis. These compounds

also demonstrated spinal and supraspinal antinocicep-

tive effects when assessed through both the formalin-

and capsaicin-induced neurogenic pain tests, as well

as in glutamate-induced hyperalgesia. The precise

mechanisms of the antinociceptive actions of these

compounds have not yet been determined, but it is un-

likely to be associated with opioid peptides or their re-

ceptors. Nevertheless, it can be stated that the findings

shown here are in agreement with those recently re-

vealed for S1P and the antinociceptive immunomodu-

lator FTY720, whose structures can be globally corre-

lated with those of the compounds evaluated in this

study. Finally, we conclude that these lipidic ethylene-

diamine and �-aminoalcohol derivatives could serve

as initial models for future research focused on the de-

sign and preparation of new and more potent analge-

sic drugs based on the structures of DHSP and SPH.
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