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This study describes the antinociceptive activity of some N-aryl-glutaramic acids and N-aryl-glutarimides in writhing and
formalin tests, two classical models of pain in mice. These compounds show high activity, being more active than acetyl
salycilic acid, acetaminophen and indomethacin, used as standard drugs for comparison. The introduction of different
substituent groups in the aromatic ring caused a significant change in activity. The results obtained here are promising
from a pharmacological point of view, since these simple compounds might be used as models to obtain new and potent

analgesic drugs.

1. Introduction

Phyllanthimide is a naturally occurring alkaloid, which
was isolated from the aerial parts of Phyllanthus sellowia-
nus (Euphorbiaceae) [1] being one of the active com-
pounds responsible for the antispasmodic effects of this
plant [2]. We used this compound as a model and synthe-
sized several analogues, especially maleimide and succini-
mide derivatives and determined their different kinds of
activities, such as antispasmodic [3, 4], analgesic [5-8],
antibacterial [9—13] and antifungal [14, 15] effects.

As part of our research programme to obtain new analge-
sic compounds structurally related to cyclic imides, we
have now synthesized and evaluated the antinociceptive
activity of N-aryl-glutaramic acids and N-aryl-glutarimides
using the abdominal constriction test and formalin in-
duced-pain test in mice.
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Molecular structure of phyllanthimide isolated from P. sellowianus

2. Investigations, results and discussion

We have recently demonstrated that some cyclic imides,
including succinimides, maleimides, naphtalimides and re-
lated compounds, exhibited antinociceptive properties
when tested against acetic acid-induced writhing in mice
[5—8]. Since current analgesia inducing drugs (opiates,
NSAIDS) are not useful in all cases, especially because of
their side effects and potency [16], this field remains open
to the discovery of new and better analgesic drugs. Thus,
in order to discover substances with potential analgesic,
some glutaramic acid and glutarimides derivatives were
obtained by simple reactions, as shown in the Scheme.

Several methodologies were employed for the dehydration
of amic acids into the respective glutarimide derivatives,
such as treatment with hot acetic anhydride/sodium acet-
ate, acetic acid under reflux or acetic acid with increasing
amounts of acetyl chloride under reflux. The best experi-
mental condition proved to be the use of acetic acid and
acetyl chloride (1:2). Maleamic acid derivatives, which
possess a double bond in the imido ring of five members
and consequently take a planar configuration, may be eas-
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ily cyclized to maleimides using the reagents mentioned
above and other condensation agents, such as phosphorus
pentoxide, thionyl chloride, etc. [17, 18]. In contrast, glu-
taramic acids, which possess an imido ring of six mem-
bers are not easily closed, due some physico-chemical fac-
tors [19]. According to Eliel [20], the ease of formation of
a six-membered ring is less than for a five-membered one
because the slight improvement in the strain factor is out-
weighed by a deterioration in the distance factor.

The substituent groups introduced in the aromatic ring
(4-CH3, 4-OCH3, 4-Cl, 3,4-Cl,) were chosen based on the
Topliss method [21] which enables the prediction of new
synthetic routes to obtaining more potent compounds.
However, this method will be used in a further work.
Tables 1 and 2 show the antinociceptive activity of N-aryl-
glutaramic acids in writhing and formalin tests at 10 mg/kg,
given intraperioneally. For comparison, we have included
the data of some well-known non-steroidal antiinflamma-
tory and analgesic drugs, which were evaluated in the
same experimental procedures. As can be seen, all the
compounds significantly inhibited the abdominal constric-
tions, causing considerable inhibition (>45%), these being
more active than standard drugs, which inhibited the ab-
dominal constrictions by 35 (ASA) and 38% (acetamino-
phen).

When evaluated against formalin-induced pain in mice at
10 mg/kg, i.p., all acids, except 3, showed marked antino-
ciceptive effects in relation to both phases of formalin in-
duced-pain (neurogenic and inflammatory). They were
considerably more efficacious than indomethacin, which
produced inhibition of 33%. In contrast, compound 3 in-
hibited the first but not the second phase of the formalin
test. This suggests that it may be acting by a mechanism
of action different from non-steroidal antiinflammatory
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Table 1: Antinociceptive effect of N-aryl-glutaramic acids,
acetyl salycilic acid and acetaminophen against
acetic acid-induced abdominal constriction in mice

Table4: Antinociceptive effect of N-phenyl-glutarimides against
formalin induced-pain in mice

Compd. First phase® Inhibition (%)  Second phase® Inhibition (%)
Control  75.0 +4.4 - 1443 £8 -
8 335+43 55.3 61.2+120 57.6
9 36.0 £ 4.1 52.0 654 +£35 54.7
10 51.0£9.8 31.7 16.7£9.9 88.5
12 33.8+£93 54.9 33.0 £8.8 77.1

O
X

o

NH

(0]
Compd. X Number of constrictions Inhibition (%)
Control — 36.0 £3.7 —
1 H 12.8 £ 3.7 64.4
2 4-CH; 102 +£3.9 71.6
3 4-OCHj3 21.5+39 40.3
4 3,4-Cl, 18.8 £ 2.8 47.8
5 4-Cl 19.6 £ 4.9 45.5
ASA (6) — 23.4+£2.0 35.0
ACE (7) — 223+ 1.0 38.0

Each group represents the mean +s.e.m. of 6—8 experiments; compounds were given
intraperitoneally in a dose of 10 mg/kg. ASA = acetyl salycilic acid; ACE = acetamino-
phen

Table 2: Antinociceptive effect of N-phenyl-glutaramic acids
and indomethacin against formalin induced-pain in

mice
Compd. First phase® Inhibition (%) Second phase? Inhibition (%)
Control 720+£82 — 1330+ 173 -
1 428 +76 408 385+ 6.4 71.0
2 473 +£10.8 343 548 £6.7 58.8
3 27.5+£39 618 1237+ 11.2 7.0
4 162+24 775 228 £8.2 82.9
5 240£39 66.7 56.0 £8.3 58.0
Indo- 672+ 1.0 6.6 89.1£5.0 33.0
methacin

Each group represents the mean +s.e.m. of 6—8 experiments; * 0—5 min licking (s);
2 15-30 min licking (s); * P < 0.05 compared with respective control values.
Compounds were given intraperitoneally in a dose of 10 mg/kg

agents [22]. The effect produced in the first phase may be
due to immediate and direct effects on sensory receptors,
bradykinin receptors or glutamatergic way whereas for the
last phase the antinociceptive effect is related to the in-
flammatory responses induced by the arachidonic acid cas-
cade [23, 24].

Table 3 shows the antinociceptive activity of N-aryl-glutar-
imides against the writhing test. All compounds, except
11 (inactive), exhibited excellent effects being more active
than their acids and standard drugs shown in Table 1. In
the formalin model, these glutarimides inhibited both

Table 3: Antinociceptive effect of N-aryl-glutarimides against
acetic acid-induced abdominal constriction in mice

o]
X
&
(6]
Compd. X Number of constrictions Inhibition (%)
Control — 3944+1.9 -
8 H 13.0 £ 6.3 67.0
9 4-CH3 83+27 78.9
10 4-OCHj3; 1.3£0.5 96.7
11 3,4-Cl, 285+59 27.6
12 4-Cl 50£1.5 87.3

Each group represents the mean +s.e.m. of 6—8 experiments; compounds were given
intraperitoneally in a dose of 10 mg/kg
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Each group represents the mean +s.e.m. of 6—8 experiments; * 0—5 min licking (s);
b 15-30 min licking (s); * P < 0.05 compared with respective control values.
Compounds were given intraperitoneally in a dose of 10 mg/kg

neurogenic and inflammatory phases of pain, with results
(Table 4) similar to those of their respective acids (Ta-
ble 2). Surprisingly, compound 10 caused a marked inhibi-
tion in relation to the second phase of the formalin test
(88.5% of inhibition), in contrast to its acid 3, which was
active only against the first phase of this experimental
model.

Although several studies have demonstrated different
kinds of biological properties for glutarimide and related
compounds [25], only a few papers reported the analgesic
effects of these compounds [26, 27].

The results obtained in our study are promising from a
pharmacological point of view, since these simple com-
pounds might be used as leads to obtain new and potent
analgesic drugs. Presently pharmacological studies are in
progress to confirm the antinociceptive properties of the
imides reported here in other models of pain as well as to
elucidate the mechanism of action of the more active com-
pounds.

3. Experimental

3.1. Synthesis: general procedures

Compounds 1-5 were obtained by reaction of glutaric anhydride with an
appropriate aniline in ether. The dehydration of the corresponding glutara-
mic acid by treatment with acetic acid/acetyl chloride 1:2 under reflux
(2 h) gave compounds 6—10. All the compounds were synthesized in mod-
erate to good yields (40—90%) and characterized by 'H NMR, IR and
microanalysis. The purity of the tested substances was determined by TLC
using several solvent systems of different polarity. Spots were visualized
by short-wave UV light and iodine vapor.

3.2. Pharmacological analysis: evaluation of antinociceptive activity

3.2.1. Abdominal constriction response caused by intraperitoneal injection
of diluted acetic acid

Abdominal constriction was induced by intraperitoneal injection of acetic
acid (0.6%), according to the procedures described previously [28, 29] with
minor modifications. Animals (male Swiss mice, 25-30 g) were pretreated
with the compounds or standard drugs intraperitoneally (10 mg-kg~')
30 min before the acid acetic injection. Control animals received a similar
volume of 0.9% NaCl (10 ml - kg™, i.p.). All experiments were carried out
at 23 £ 2 °C. After challenge, pairs of mice were placed in separate boxes
and the number of constrictions of the abdominal muscles, together with
stretching, were cumulatively counted over a period of 20 min. Antinoci-
ceptive activity was expressed as the reduction of the number of abdom-
inal contractions comparing control animals and mice pretreated with com-
pounds or standard drugs.

3.2.2. Formalin-induced pain

The procedure used was essentially similar to that previously described
[22, 30]. Animals (male Swiss mice, 25—-30 g) from the same strain were
slightly anaesthetized with ether, except when used to analyse the first
phase of formalin-induced pain, and 20 wl of 2.5% (0.92% formaldehyde)
made up PBS (phosphate buffered solution, containing: NaCl 137 mM;
KCI 2.7mM and phosphate buffer 10 mM) was injected s.c. under the
plantar surface of the left hindpaw with a Hamilton syringe. Animals were
acclimatized to the laboratory for at least 24 h before experiments. Two
mice (control and treated) were simultaneously observed from O up to
30 min following formalin injection. The initial nociceptive scores nor-
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mally peaked after 5 min (first phase, representing the neurogenic pain),
and 15-30 min after formalin injection (second phase, representing the in-
flammatory pain) [22]. Animals were treated with saline 0.9% (10 ml/kg,
i.p.), with the compounds or with indomethacin (10 mg/kg, i.p.) 60 min
before formalin injection. After intraplantar irritant application, the animals
were immediately placed into a glass cylinder (20 cm diameter). The time
spent by animals licking or biting the injected paw was timed with a
chronometer and was considered indicative of pain.

3.2.3. Statistical analysis

The pharmacological results are presented as mean +s.e.m., and the statis-
tical significance between groups was analysed by means of the t test or
analysis of variance followed by Dunnett’s multiple comparison test, when
appropriate. P values less than 0.05 were considered as indicative of signif-
icance.

Acknowledgements: This work was supported by grants from CNPq and
ProPPEx/UNIVALL

References

Tempesta, M. S.; Corley, D. G.; Beutler, J. A.; Metral, C.J.; Yunes,
R. A.; Giacomozzi, C. A.; Calixto, J. B.: J. Nat. Prod. 3, 617 (1988)
Calixto, J. B.; Yunes, R. A.; Neto, A. S. O.; Valle, R. M. R.; Rae, G. A.:
Braz. J. Med. Biol. Res. 17, 313 (1984)

Cechinel Filho, V.: Ph. D. Thesis, UFSC, Florianépolis, Brazil, 1995

4 Cechinel Filho, V.; Nunes, R.J.; Calixto, J. B.; Yunes, R. A.: Pharm.
Sci. 1, 399 (1995)

Cechinel Filho, V.; Vaz, Z. R.; Nunes, R. J.; Calixto, J. B.; Yunes, R. A.:
Pharm. Sci. 2, 199 (1996)

Corréa, R.; Cechinel Filho, V.; Schlemper, V.; Rosa, P. W.; Pereira, C. L;
Nunes, R. J.: Pharm. Sci. 3, 67 (1997)

Andricopulo, A. D.; Filho, A. W.; Corréa, R.; Santos, A.R. S.; Nunes,
R.J.;. Yunes, R. A.; Cechinel Filho, V.: Pharmazie 53, 493 (1998)
Andricopulo, A. D.; Yunes, R. A.; Cechinel Filho, V.; Corréa, R.; Fil-
ho, A. W.; Santos, A.R.S.; Nunes, R.J.: Acta Farm. Bon. 17, 219
(1998)

Cechinel Filho, V.; Bella Cruz, A.; Nunes, R. J.; Calixto, J. B.; Moret-
to, E.; Gonzaga, L.; Corréa, R.; Yunes, R. A.: Rev. Latinoamer. Quim.
23, 116 (1994)

10 Cechinel Filho, V.; Bella Cruz, A.; Moretto, E.; Pinheiro, T.R.;
Nunes, R. J.; Yunes, R. A.: Farmaco 49, 675 (1994)

—_

[\S}

w

W

=)

~

oo

=}

944

11 Corréa, R.; Rosa, P. W.; Bella Cruz, A.; Savi, A. O. S.; Cechinel Filho, V.;
Nunes, R. J.: Pharm. Sci. 2, 353 (1996)

12 Bella Cruz, A.; Cruz, R.C.B.; Cechinel Filho, V.; Junior, D. A.;
Nunes, R. J.; Yunes, R. A.: Rev. Latinoameric. Quim. 25, 10 (1996)

13 Andricopulo, A.D.; Savi, A. O. S.; Corréa, R.; Cruz, A. B.; Cechinel
Filho, V.; Yunes, R. A.; Nunes, R. J.: Quim. Nova 21, 573 (1998)

14 Cechinel Filho, V.; Pinheiro, T. R.; Nunes, R.J.; Yunes, R. A.; Quei-
roz, E. F.; Lima, E. O.: Quim. Nova 19, 590 (1996)

15 Lima, E. O.; Queiroz; E. F.; Andricopulo, A. D.; Nunes, R.J.; Yunes,
R. A.; Corréa, R.; Cechinel Filho, V.: Bol. Soc. Chil. Quim. 44, 185
(1999)

16 Ahmadiani, A.; Fereidoni, M.; Semmanian, S.; Kamalinejad, M.; Sa-
remi, S.: J. Ethnopharmacol. 61, 229 (1998)

17 Kretov, A.E.; Hulchitskaya, N.E.: J. Gen. Chem. USSR 26, 221
(1956)

18 Cava, M. P;; Deana, A. A.; Muth, K.; Mitchell, M. J.: Org. Synthesis
Coll. 5, 944 (1973)

19 Baldwin, J. E.: J. C. S. Chem. Comm. 734 (1976)

20 Eliel, E. L.: Stereochemistry of Carbon Compounds, McGraw-Hill
Book Company, New York, 1962

21 Topliss, J. G.: J. Med. Chem. 20, 463 (1977)

22 Hunskaar, S.; Hole, K.: Pain 30, 103 (1987)

23 Dubuisson, D.; Dennis, S. G.: Pain 4, 161 (1977)

24 Hunskaar, S.; Fasmer, O. B.; Hole, K.: J. Neurosci. Methods 14, 69
(1985)

25 Corréa, R., MSc. Thesis, UFSC, Florian6polis, Brazil, 1997

26 McKenzie, J. S.: Arch. Int. Pharmacodyn. 173, 115 (1968)

27 Patel, V. K.; Venkatakrishna-Bhatt, H.; Patel, N. B.; Jindal, M. N.:
Biomed. Bioquim. Acta 44, 795 (1985)

28 Collier, R. F.; Dinnen, H. O.J.; Johnson, C. A.; Schneider, C.: Br. J.
Pharmacol. 32, 295 (1968)

29 Cechinel Filho, V.; Vaz, Z. R.; Zunino, L.; Calixto, J. B.; Yunes, R. A.:
Eur. J. Med. Chem. 31, 833 (1996)

30 Souza, M. M.; Kern, P.; Floriani, A. E. O.; Cechinel Filho, V.: Phyto-
ther. Res. 12, 279 (1998)

Prof. Dr. Valdir Cechinel Filho
NIQFAR/CCS/UNIVALI
88302-202, Itajai-SC-Brasil
cechinel@mbox 1.univali.br

Received February 21, 2000
Accepted April 5, 2000

Pharmazie 55 (2000) 12



