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This paper describes the antinociceptive effects of tetrahydrophthalimides and related
compounds in mice. Twenty compounds were obtained by the reaction of cis-1,2,3,6-tetrahy-
drophthalic anhydride with appropriate amines, dehydration, and addition to the imidic dou-
ble bond. They were analyzed in the writhing test at 10 mg/kg given intraperitoneally. The
most active compound 2-benzyl-5-morpholin-4-yl-hexahydroisoindole-1,3-dione (19) was
studied on formalin, capsaicin, glutamate and hot plate models. The antinociceptive activity
demonstrated by some studied compounds is promising, and some of them were more active
than acetylsalicylic acid and paracetamol used as reference drugs in writhing tests in mice.
Compound 19 was about 5-fold more potent than the reference drugs, being also effective
by oral route and against the inflammatory response in the formalin test. The results suggest
that compound 19 could be used as a model to obtain new and more potent antinociceptive
agents. It exhibits an interesting antinociceptive profile, and does not interact with opioid sys-

tems.
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Introduction

Cyclic imides are an important class of com-
pounds due to their variety of biological properties
and reactional versatility (Hargreaves et al., 1970;
Cechinel-Filho et al., 2003). Our research group
has focused the attention to these compounds
since the discovery of phyllanthimide, an alkaloid
present in low concentration in the active aerial
parts of Phyllanthus sellowianus (Tempesta et al.,
1988). Using this compound as a model, we have
synthesized a great number of compounds belong-
ing to the different sub-classes of cyclic imides, in-
cluding maleimides, 3,4-dichloromaleimides, suc-
cinimides, glutarimides, naphthalimides, among
others, and determined their different kinds of
biological activities, such as antispasmodic, anti-
bacterial, antifungal, and analgesic or antinocicep-
tive effects (Cechinel-Filho et al., 2003; Campos-
Buzzi et al., 2003; Lopez et al., 2003; Prado et al.,
2004).

Extending our research program related to the
biological properties of cyclic imides, we have now
synthesized twenty new tetrahydrophthalimides
and related compounds and evaluated initially
their antinociceptive action using the writhing test
in mice at 10 mg/kg by the intraperitoneal route.
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The most active compound was analyzed using
other classical and specific models of pain in order
to confirm its antinociceptive effect as well as to
investigate the possible mechanism of action. The
effects of acetylsalicylic acid and paracetamol
were included in this study with the purpose of
comparison.

Materials and Methods

Chemistry: general procedures for the synthesis of
studied compounds

Compounds 1-6 were obtained by the reaction
of cis-1,2,3,6-tetrahydrophthalic anhydride with
appropriate amines in ether, which were dehy-
drated by the treatment with acetic acid/reflux
to give the respective cyclic compounds 7-18
according to a methodology previously described
(Scheme 1) (Cechinel Filho et al., 1994; Costa,
2004). Compounds 19 and 20 were obtained di-
rectly from compound 14 by the reaction with
morpholine and piperidine in benzene, respec-
tively (Costa, 2004). The purity of the synthesized
substances was monitored by thin-layer chroma-
tography (tlc) using silica precoated plastic plates,
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ether
O + RNH2 &
(Amine)
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anhydride
YH
NR N—R
Y benzene

cis-1,2,3,6-tetrahydrophthalimide
derivatives

R = H, alkyl, aryl groups; Y= morpholine or piperidine

200 um in thickness (Sigma Chemicals, St. Louis,
USA), with several solvent systems of different
polarities. Spots were visualized by short-wave UV
light and iodine vapor. Spectral data (IR, 'H and
13C NMR) and elemental analyses were in good
agreement (Costa, 2004) with the structures shown
in Fig. 1.

Animals

Swiss male mice (25-30 g) were obtained from
Central Bioterio of the University of Vale do Itajai
(Itajai, Brazil). They were kept in a temperature-
controlled environment [(23 £ 2) °C] with a 12h
light-dark cycle. Food and water were freely avail-
able. The allocation of animals in the different
groups was randomized and the experiments were
carried out in blind conditions. Since some suffer-
ing might result from experiments, the IASP’s
Committee for Research and Ethical Issues
Guidelines (Zimmermann, 1983) were followed.

Drugs and reagents

The following drugs and reagents were used:
ASA (acetylsalicylic acid), acetaminophen, indo-
methacin and PBS (phosphate buffered saline) (all
from Sigma Chemical), formalin and acetic acid
(Merck, Darmstadt, Germany). The compounds
studied as well as the reference drugs were dis-
solved in Tween 80 (Merck) plus 0.9% of NaCl
solution and 0.5% carboxymethylcellulose plus
0.9% of NaCl solution, respectively. The final con-
tent of Tween and ethanol did not exceed 5% and
did not cause any effect “per se”.
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Scheme 1. Synthesis of compounds
studied.

Abdominal constriction response caused by
injection of acetic acid

The abdominal constriction induced by intra-
peritoneal (i.p.) injection of acetic acid (0.6%),
which consisted of a contraction of the abdominal
muscle together with a stretching of hind limbs,
was carried out according to previously described
procedures (Collier et al., 1968). Animals were
pretreated with the compounds or standard drugs
intraperitoneally (10 mg/kg) 30 min before the
acetic acid injection. The dose was chosen consid-
ering previous results with this class of com-
pounds. Compound 19, the most active compound
tested, was also analyzed intraperitoneally at 6, 8,
10 mg/kg or orally at 100 mg/kg. We have chosen
here an oral dose about 10-times higher because
of pharmacokinetics parameters. Control animals
received a similar volume of 0.9% NaCl solution
(10 ml/kg). All the experiments were carried out
at20-22 °C. After the challenge, pairs of mice were
placed in separate boxes, and the number of ab-
dominal constrictions was cumulatively counted
over a period of 20 min. Antinociception was ex-
pressed as the reduction of the number of abdomi-
nal constrictions between control animals and mice
pretreated with compounds or standard drugs.

Formalin-induced pain

The procedure was similar to that described pre-
viously (Hunskaar and Hole, 1987). Animals from
the same strain were slightly anaesthetized with
ether, except when used to analyze the first phase of
formalin-induced pain, and 20 ul of 2.5% formalin
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(0.92% formaldehyde) made up in phosphate
buffer solution were injected under the paw surface
of the right hindpaw. Two mice (control and
treated) were observed simultaneously from 0 to
30 min following formalin injection. The time spent
licking the injected paw was considered as indica-
tive of pain. The initial nociceptive scores normally
peaked 5 min (early phase) and 15-30 min after
formalin injection (late phase), representing the
tonic and inflammatory pain responses, respectively
(Hunskaar and Hole, 1987). Animals were treated
with compound 19 intraperitoneally at 10 mg/kg,
30 min before formalin injection. Following intra-
plantar injection of formalin, animals were immedi-
ately placed into a glass cylinder of 20 cm in diame-
ter, and the time spent licking the injected paw
(second phase of formalin test) was determined.

Capsaicin-induced pain

The procedure used was similar to that de-
scribed previously (Sakurada et al., 1993). Animals
were placed individually in transparent glass cylin-
ders. Following the adaptation period, 20 ul of cap-
saicin (1.6 ug/paw) were injected under the skin of
the plantar surface of the right hindpaw, using a
microsyringe. Animals were observed individually
for 5 min following capsaicin injection. The time
spent licking the injected paw was taken with a
chronometer and considered as indicative of noci-
ception. Animals were intraperitoneally treated
with compound 19 at 10 mg/kg or saline (10 ml/kg,
i.p.) 1 h before administration of capsaicin. Con-
trol animals received a similar volume of 0.9%
NaCl (10 ml/kg, i.p.).

Glutamate-induced nociception

Animals were treated with compound 19 intra-
peritoneally (10 mg/kg) 30 min before glutamate
injection. A volume of 20 ul of glutamate solution
(30 umol/paw), made up in phosphate buffered sa-
line (PBS), was injected intraplantarly under the
surface of the right hindpaw as described previ-
ously (Beirith et al., 1998). After injection of gluta-
mate, the animals were individually placed into
glass cylinders of 20 cm in diameter and observed
from O to 15 min. The time spent licking and biting
the injected paw was taken with a chronometer
and considered as indicative of pain.

Hot-plate test

The hot-plate test was used to estimate the la-
tency of responses according to the method de-
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scribed by Eddy and Leimback (1953) with minor
modifications. The temperature of the hot-plate
was maintained at (56 £ 3) °C. Animals (n = 8)
were placed on glass funnels on the heated surface
and the time between placing the animals and the
beginning of licking paws or jumping was recorded
as latency of response in non-treated (saline 10 ml/
kg, i.p.) or with compound 19 treated (10 mg/kg,
i.p.) animals.

Statistical analysis

Results are presented as mean * s. e.m., except
the mean IDsy values (i.e. the dose of drugs or
compounds reducing the algesic responses by 50%
relative to the control value) which are reported as
geometric means accompanied by their respective
95% confidence limits. The statistical significance
between groups was analyzed by variance fol-
lowed by Dunnett’s multiple comparison test. p-
Values less than 0.05 were considered as indicative
of significance. IDs, values were determined by
graphical interpolation of individual experiments.

Results and Discussion

We initially synthesized the cis-1,2,3,6-tetrahy-
drophthalic acids from the reaction of cis-1,2,3,6-
tetrahydrophthalic anhydride and appropriate
amines in ether, and, after purification procedures,
the amic acids were dehydrated to give the respec-
tive cyclic compounds (Costa, 2004) according to
Scheme 1. The addition of piperidine and morpho-
line to the double bond of the imidic ring was car-
ried out using different solvents, however, benzene
furnished the most suitable profile. All the com-
pounds were generally obtained in good yields
(40-70%).

Thus, tetrahydrophthalic acids and tetrahy-
drophthalimide derivatives shown in Fig. 1 were
tested by the writhing test at 10 mg/kg by the in-
traperitoneal route, whose results are indicated in
Table I. As can be seen, some of them caused in-
teresting antinociceptive effects, being more ef-
fective the reference drugs acetylsalicylic acid and
paracetamol. All the synthetic process was con-
ducted in order to obtain active compounds, ac-
cording to Fig. 1. In some cases (compounds 1-4
and 7-11) the substitution pattern suggested by
Topliss (1977) was used for rational selection of
phenyl substituents. However, significant differen-
ces between the parameters involved were not ob-
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Fig. 1. Molecular structures of tetrahydrophthalic acids and tetrahydrophthalimide derivatives studied.

served. Compound 19, which exhibited the most
efficacy and reduced about 65% of the abdominal
constrictions, was studied in more detail. Fig. 2 in-
dicates that it dose-dependently inhibited the ab-
dominal constrictions in the writhing test with an
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Fig. 2. Effect on acetic acid-induced pain in mice test of
compound 19, administered intraperitoneally at 6, 8 and
10 mg/kg. Each column represents the mean + s.e.m. of
six experimental values. ** p < 0.01 compared with cor-
responding control value.

IDsq value of 8.1 (7.6-8.6) mg/kg [27.9 (26.2—
30.0) umol/kg], being about 5-fold more potent
than the mentioned reference drugs.

Given orally, compound 19 was also effective in
this model (writhing test), reducing by 64% the
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Fig. 3. Effect on acetic acid-induced pain in mice test of
compound 19, administered orally at 100 mg/kg. Each
column represents the mean + s.e.m. of six experimental
values. ** p < 0.01 compared with corresponding con-
trol value.
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Table I. Antinociceptive activity of tetrahydrophtha-
lamic acids, tetrahydrophthalimide derivatives and refer-
ence drugs against acetic acid-induced abdominal con-
striction (writhing test) in mice at 10 mg/kg, given
intraperitoneally.

Compound Inhibition (%)
1 10.8 + 6.2

2 237 £ 72

3 487 + 2.8%*
4 2677 £ 1.4

5 373 + 4.5%
6 283 +10.5

7 15.8 = 6.0

8 Inactive

9 36.4 + 3.4%*
10 404 + 2.5%*
11 50.9 + 5.4%
12 177 + 8.6
13 343 + 8.8%
14 51.0 £ S5.4%*
15 40.4*% £ 3.5
16 333*+ 3.0
17 100 = 4.8
18 329 + 3.1%
19 65.4 + 3.0%*
20 30.0 £ 3.0
ASA 350 + 2.0%
Paracetamol 38.0 £ 1.0%*

Each group represents the mean * s.em. of 5 to 7

experiments.

*p <0.05; ** p <0.01 compared with respective con-
trol values.

ASA, acetylsalicylic acid; Paracetamol, N-acetyl-p-ami-

nophenol.

number of abdominal constrictions induced by
acetic acid (Fig. 3), whereas acetylsalicylic acid and
paracetamol were less active by this administra-
tion route (Vaz et al., 1996). Such a result is impor-
tant from a medical point of view, because it
strongly suggests that compound 19 is absorbed
from the gastrointestinal tract. Compound 20,
which presents the piperidino group instead of a
morpholino group attached to the imidic ring, was
less active in the writhing test at 10 mg/kg (i.p.)
with a reduction of 30% of the abdominal con-
strictions. This indicates that the increase of hydro-
philicity improves the antinociceptive effects. The
oxygen atom present in the morpholino moiety
contributes to the increased activity because of hy-
drogen bonding with different receptors.

When evaluated by the formalin-induced pain,
compound 19 at 10 mg/kg (i.p.) was inactive
against the first phase (neurogenic pain), but sig-
nificantly inhibited (36.3%) the inflammatory re-
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Fig. 4. Effect of compound 19, administered intraperito-
neally against formalin-induced pain in mice. Each col-
umn represents the mean * s.e.m. of six experimental
values. ** p < 0.01 compared with corresponding con-
trol value.

sponse (second phase) (Fig. 4) with a very similar
profile to those of acetylsalicylic acid and indome-
thacin reported in previous studies (Bresciani et
al., 2003).

In the capsaicin test, 19 caused only a weak anti-
nociceptive effect with inhibition of 21.5% (results
not shown). This result is in agreement with that
observed in the formalin test, since it provides
more direct evidence of the antinociceptive action
on neurogenic pain (Sakurada et al., 1993). An-
other important finding, which confirms these re-
sults, was obtained in the hot-plate test and shows
the lack of an antinociceptive effect of compound
19 at 10 mg/kg (i.p.) (results not shown). It is a
technique that presents a selectivity for opioid-de-
rived analgesics (Abbott and Franklin, 1986).

The results also demonstrated that compound
19 does not interact with excitatory amino acids,
since it caused a weak inhibition (15%, 10 mg/kg,
results not shown) of the hyperalgesia induced by
intraplantar injection of glutamate.

Although additional studies are required to elu-
cidate the exact mechanism of the antinociceptive
action of compound 19, the results verified in for-
malin, capsaicin and hot plate tests strongly sug-
gest that it acts in a non-opioid pathway. Finally,
the results show that 19 could be used as a model
to obtain new and more potent antinociceptive
agents.

Acknowledgements

The authors are grateful to ProPPEC (UNI-
VALI) and to CNPq and FAPESC (SC) for finan-
cial support.



206

Abbott F. V. and Franklin K. B. J. (1986), Noncompeti-
tive antagonism of morphine analgesia by diazepan in
formalin test. Pharmacol. Biochem. Behav. 24, 319-
321.

Beirith A., Santos A. R. S., Rodrigues A. L., Creczynski-
Pasa T.B., and Calixto J. B. (1998), Spinal and su-
praspinal antinociceptive action of dipyrone in forma-
lin, capsaicin and glutamate tests. Study of the mecha-
nism of action. Eur. J. Pharmacol. 345, 233-245.

Bresciani L. F. V., Priebe J. P, Yunes R. A., Dal-Magro
J., Delle-Monache F., De Campos F., Souza M. M.,
and Cechinel-Filho V. (2003), Pharmacological and
phytochemical evaluation of Adiantum cuneatum
growing in Brazil. Z. Naturforsch. 58¢, 191-194.

Campos-Buzzi F., Corréa R., and Cechinel-Filho V.
(2003), Sintese de moléculas bioativas: o exemplo das
imidas ciclicas, In: Ciéncias Farmacéuticas: contribui-
¢do ao desenvolvimento de novos farmacos e medica-
mentos (Bresolin T. M. B. and Cechinel Filho V., eds.).
Ed. UNIVALLI, Itajai-SC, Brazil, pp. 57-105.

Cechinel Filho V., Bella Cruz A., Moretto E., Pinheiro
T., Nunes R. J., and Yunes R. A. (1994), Antibacterial
activity of N-phenylmaleimides, N-phenylsuccinim-
ides and related compounds. Structure-activity rela-
tionships. Il Farmaco 49, 675-677.

Cechinel-Filho V., de Campos F., Corréa R., Yunes
R. A., and Nunes R. J. (2003), Aspectos quimicos e
potencial terapéutico de imidas ciclicas: uma revisao
da literatura. Quim. Nova 26, 230-241.

Collier R.F, Dinnen H.O.J, Johnson C.A., and
Schneider C. (1968), The abdominal constriction re-
sponse and its suppression by analgesic drugs in the
mouse. Br. J. Pharmacol. 32, 295-310.

Costa B. B. C. (2004), Sintese de novos derivados da te-
trahidroftalimida de interesse bioldgico e estudos de
correlagcdo estrutura-atividade. MSc. Thesis, Univer-
sidade do Vale do Itajai (Univali), Itajai, SC, Brazil.

B. B. C. Costa et al. - Antinociceptive Effects of Tetrahydrophthalimides

Eddy N. B. and Leimback D. (1953), Synthetic analge-
sics: 1I. Dithienylbutenyl and dithienylbutylamines. J.
Pharmacol. Exp. Ther. 107, 385-393.

Hargreaves M. K., Pritchard J. G, and Dave H.R.
(1970), Cyclic carboxylic monoimides. Chem. Rev. 70,
439-469.

Hunskaar S. and Hole K. (1987), The formalin test in
mice: dissociation between inflammatory and non-in-
flammatory pain. Pain 30, 103-114.

Lopez S.N., Sortino M., Escalante A., de Campos F,,
Corréa R., Cechinel-Filho V., Nunes R. J., and Zac-
chino S. A. (2003), Antifungal properties of novel N-
and alpha,beta-substituted succinimides against der-
matophytes. Drug. Res. 53, 280-288.

Prado S. R., Cechinel-Filho V., Campos-Buzzi F., Corréa
R., Cadena S. M., and de Oliveira M. B. (2004), Bio-
logical evaluation of some selected cyclic imides: mi-
tochondrial effects and in vitro cytotoxicity. Z. Natur-
forsch. 59¢, 663-672.

Sakurada T., Katsumata K., Yogo H., Tan-No K., Saku-
rada S., and Kisara K. (1993), Antinocicepcion in-
duced by CP96345, a non-peptide NK-1 receptor an-
tagonist, in the formalin and capsaicin test. Neurosci.
Lett. 151, 142-145.

Tempesta M. S., Corley D. G., Beutler J. A., Metral C. J.,
Yunes R. A., Giacomozzi C. A., and Calixto J. B.
(1988), Phyllanthimide, a new alkaloid from Phyllan-
thus sellowianus. J. Nat. Prod. 3, 617-618.

Topliss J. G. (1977), A manual method for applying the
Hansch approach to drug design. J. Med. Chem. 20,
463-469.

Vaz Z. R., Cechinel-Filho V., Yunes R. A., and Calixto
J. B. (1996), Antinociceptive action of 2-(4-bromoben-
zoyl)-3-methyl-4,6-dimethoxy benzofuran, a novel
xanthoxylin derivative, on chemical and thermal mod-
els of nociception in mice. J. Pharmacol. Exp. Ther.
278, 304-312.

Zimmermann M. (1983), Ethical guidelines for investi-
gations of experimental pain in conscious animals.
Pain 16, 109-110.





