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Abstract: A series of novel N-substituted 2-methyl imidazole derivatives have been synthesized, and their in vitro
antispasmodic activity was assessed on contractions of isolated guinea pig ileum, induced by acetylcholine (5× 10-6M to
1× 10-8M), and compared with the effect of atropine. All the prototypes were synthesized and confirmed by their FTIR,
1HNMR, MASS and elemental spectral data. Antispasmodic activity of all prototypes were tested by bioassay at various
concentrations (10, 50 and 100 µg/ml), and concentration-response curves were plotted to check their ability to reverse
the activity of acetylcholine on prior contact with the ileum. All the compounds 1(a-d) were producing a competitive
antagonistic action at (10 µg/ml), and at higher concentrations (50 and 100 µg/ml) the curves shifted to the right showing
significant antagonism (P<0.05, P<0.01 and P<0.001) which is probably mediated through muscarinic receptors.
Key words: Antispasmodic activity, Acetylcholine, Concentration-Response Curve, Guinea Pig Ileum, N-Substituted 2-
Methyl Imidazoles.

Introduction
Irritable bowel syndrome is a disorder

associated with muscarinic acetylcholine receptors1

(M3) and characterized by cramping, abdominal pain,
bloating, constipation, and diarrhea. M3- selective
antimuscarinic agents2 should have therapeutic
potential for the treatment of altered smooth muscle
contractility and tone, for example, as seen in intestinal
spasm associated with smooth muscle in stability.
Improper functioning of the intestinal muscles results
in painful intestinal spasms. It is an especially common
condition for individuals with chronic colon conditions
such as irritable bowel syndrome, diverticulitis, and
colitis.  Imidazole  nucleus  has  proved  to  be  an
abundant source for a number of medicinal agents and
associated with many activities viz, antiprotozoal,
mutagenic properties, anticancer, antiviral, enzyme
inhibition, H2-Antagonism, α- Adrenergic agonist and
β -blocking, anticonvulsant, broad spectrum

antibacterial and antifungal activities.(3-13) It is well
known that imidazoles are effective on muscarinic
receptors14 which are found principally in the
peripheral tissues (e.g., glands and smooth muscle).
Here a study of the synthesis and antispasmodic
activity of some novel N-substituted 2-methyl
imidazole derivatives on isolated guinea pig ileum has
been performed which possibly led to the development
of compounds with probable muscarinic antagonistic
activity15 especially those relieving pain in smooth
muscles in conditions like diarrhea.

Materials and Methods
Chemicals

The following drugs and chemicals were used.
Drugs: 2-methyl imidazole (Aldrich), phenacyl halides
(Aldrich), dimethyl formamide (Sigma), sodium
chloride (CDH).
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Drugs
Acetylcholine hydrochloride (Hi-media) and Atropine
sulphate (Hi-media) was dissolved in distilled water
and desired concentrations were prepared. All the
prototypes were dissolved in minimum quantity of 2%
v/v Tween80 and then the volume was adjusted to 10
ml with normal saline for making the concentration of
(10, 50 and 100µg/ml).

Chemical Synthesis
In the present scheme, N-substituted 2-Methyl

Imidazole derivatives of the type 1 (Scheme:1) have
been synthesized by treating 2-methyl imidazole and
various para substituted phenacyl bromides (chloro,
bromo, phenyl and nitro) in presence of dry DMF
(dimethylformamide) with cold stirring for about (3-6)
hrs. This yielded a solid mass which was recovered
from benzene extraction and finally purified by
recrystallization and confirmed on the basis of their
FTIR, 1HNMR,  MASS  spectral  data.  The  data  were
found to be comparable with the earlier report16.

Pharmacological Evaluation
Male albino guinea pig weighing (370-450) g

was kept in fasting condition 18 hours prior to
commencement of experiment and given water ad
libitum.  It  was  then  sacrificed  by  a  blow  to  the  head
and exsanguinated as per CPCSEA recommended
guidelines (Animal house Reg no: -
621/02/ac/CPCSEA). The caecum was lifted and the
ileocaecal junction was identified17. The ileum was cut

at this point and transferred to a dish containing tyrode
solution18. A terminal segment of ileum about 1-1.5 cm
was  cut,  and  intestinal  contents  were  removed  and
freed from mesenteric attachments. A thread was tied
at  each end of  the tissue taking care that  ileum is  left
open and the thread does not close the lumen19. The
tissue was mounted in 30 ml organ baths filled with
tyrode solution. The temperature was maintained at
37°C and oxygenated continuously. Initial tension was
1 g and stabilization time was 45–60 min. Load was
adjusted to 0.5g; the magnification of 5-7 folds and
bath volume of about 15ml was maintained. The
preparation was washed every 10 min with tyrode
solution.

After an initial equilibration period of about
30–45 min, Increasing concentrations of acetylcholine
(1, 2, 4, 8, 16, 32µg/ml) were added to the bath and the
concentration–response curve was recorded with a
contact time of 90 seconds.

In addition, the antispasmodic (anti
cholinergic) effect of synthesized compounds 1(a-d)
were tested in this bioassay at various concentrations
(10, 50 and 100 µg/ml) and atropine (10µg/ml), in
term of their ability to prevent the acetylcholine
induced contractions when they were added to the bath
5 min before administration of standard drug
acetylcholine.  Responses to acetylcholine were
recorded as changes in height from baseline and
expressed as percent of maximum response of the
acetylcholine20. The CRC was constructed till ceiling
effect to acetylcholine was obtained.
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Six graded–response curves were obtained for each
preparation, with a 20 min-rest between each21. The
mean maximal response obtained from the first
concentration–response curve (in the absence of lead
compounds)  was  taken  as  the  100% response  value22.
After completing the CRC of acetylcholine,
contractions were recorded using frontal writing lever
on kymograph. The kymogram was fixed with fixing
solution containing shellac and colophony in alcohol.

Analysis of Results
Contractions were expressed as a percentage

of the maximal contraction obtained from the
corresponding control curve; each point represents the
mean ± S.E.M. of four experiments. The acetylcholine
concentration–response curves with and without the
antagonists were plotted and compared. The statistical
analyses were obtained by the ANOVA test, followed
by the Dennett’s test23 where necessary. P<0.05,
P<0.01 and P<0.001 were considered significant.

Results and Discussion
Antispasmodic activity24 of all prototypes

were tested in this bioassay at various concentrations
(10, 50 and 100 µg/ml), and Concentration-response
curves were plotted to check their ability to reverse the
activity of acetylcholine on prior (5 min) contact with
the ileum 25.

When evaluated against acetylcholine (1, 2, 4,
8, 16, 32µg/ml) all the compounds 1(a-d) at 100μg/ml)
significantly antagonized the contraction of guinea pig
ileum, in a competitive and concentration-dependent
manner. Fig.1 represents the contractile response

elicited by acetylcholine on guinea pig ileum in
presence and in absence of the experimental
compounds 1(a-d) with the comparison of atropine
(10µg/ml). This is evident on plotting the –log M
values (5.2577, 4.9567, 4.6555, 4.3556, 4.0545,
3.7544) against % maximal response26.

In conclusion, the exposure of guinea pig
isolated ileum to prototypes (10, 50 and 100 µg/ml) for
a period of 5 min produced a parallel, rightward shift
of the acetylcholine concentration-response curve as is
evident from the Fig. 1.

All the compounds 1(a-d) were producing a
competitive antagonistic action at (10 µg/ml), and at
higher concentrations (50 and 100 µg/ml) the curves
shifted to the right showing maximum inverse
agonistic activity which is probably mediated through
M3-receptors27.

The chloro and bromo substituted phenacyl
imidazoles showed significant antagonistic action
(P<0.05 and P<0.01) against acetylcholine only at
(100µg/ml) and less potent when compared with
standard drug atropine (10µg/ml) The nitro and phenyl
substituted phenacyl imidazoles (P<0.001) were found
to be more effective in their antagonism against
acetylcholine at (50µg/ml) as compared to the chloro
and bromo substituted compounds. Also the nitro and
phenyl substituted phenacyl imidazoles produced
almost equipotent responses only at 100µg/ml when
compared with that of the standard antagonistic drug
atropine sulphate. It is probably because these
compounds of possess an electron with drawing groups
at their para position (nitro and phenyl).
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Figure: I: Concentration-response curves of acetylcholine in the absence and presence of compounds (1a-d),
following 5-min pre incubation time. Each point represents the mean ± S.E.M of six experiments (P < 0.05, P
< 0.01 and P < 0.001).

Conclusion
From the present findings, it is evident that the

synthesized N-substituted imidazoles   1(a-d) are
showing marked muscarinic anticholinergic activity in
isolated guinea pig ileum27.  Thus  this  may  help  to
design further in vivo studies to check their
antispasmodic effect28 in abdominal disorders like
spasm, bloating, constipation, and diarrhea with
probable muscarinic antagonistic activity particularly
with the subtype of M3-receptors which is responsible
for smooth muscle spasm2, 27.

Acknowledgement
Authors are thankful to Department of

Pharmaceutical sciences, Birla institute of technology,
Ranchi, India for providing research facilities for this
work. The corresponding author is thankful to AICTE,
Quality improvement programme (New Delhi) for the
financial assistance provided to carry out this research
work.

References
1. Barlow.  R.,  Berry,  K.  J.  Glenton,  P.  A.

M.Nikolaou, N. M. Soh, K. S.(1976). A
comparison of affinity constants for muscarine
sensitive acetylcholine receptors in guinea pig
atrial pacemaker cells at 29°C and in ileum at
29°C and 37°C. Br.J.Pharmacol, 58(4), 613-
620.

2. Hiroyuki Miyachi, Hiromi Kiyota, Mitsuru
Segawa. (1998). Novel imidazole derivatives

with subtype-selective antimuscarinic activity
(1). Bioorganic & Medicinal Chemistry
Letters 8 1807-1812.

3. Aguirre G, Boiani M, Cerecetto H, Gerpe A,
Gonzalez M, Sainz Yf, Denicola A, De Ocariz
Co,  Nogal  Jj,  Montero  D,  Escario  Ja.,  Novel
antiprotozoal products: imidazole and
benzimidazole N-oxide derivatives and related
compounds, Archive der Pharmazie, 2004, 5,
259-70.

4. Gozde Aydogan and Mehtap Kutlu.,
Mutagenic activities of ten imidazole
derivatives in Salmonella typhimurium.
Biologia 2007, 62, 6-12.

5. Krezel I., New derivatives of imidazole as
potential anticancer agents, Farmaco1998,
53(5), 342-5.

6. Sharma D, Narasimhan B, Kumar P, Judge V,
Narang  R,  De  Clercq  E,  and  Balzarini  J.,
Synthesis, antimicrobial and antiviral
evaluation of substituted imidazole
derivatives, European journal of medicinal
chemistry, 2009, 44(6), 2347-53.

7. B  Wallmark,  C  Briving,  J  Fryklund,  K
Munson, R Jackson, J Mendlein, E Rabon and
G Sachs., Inhibition of gastric H+,K+-ATPase
and acid secretion by SCH 28080, a
substituted pyridyl(1,2a)imidazole, J. Biol.
Chem, 1987, 262(5), 2077-84.

8. Vitali T, Impicciatore M, Ferrari C, Morini G.,
Imidazole H2-antagonists and H2- angonists:



L.Baskar et al /Int.J. PharmTech Res.2010,2(1)                                                                                        764

 effects of 5-alkyl substitution, Farmaco Sci,
1980, 35(5), 366-79.

9. Takahiko Kamibayashi, Katsumi Harasawa
and Mervyn Maze., Alpha-2 adrenergic
agonists, Canadian Journal of Anesthesia,
1997, 44, R13-R22.

10. J. J. Baldwin, E. L. Engelhardt,
R. Hirschmann, G. F. Lundell, G.
S. Ponticello, C. T. Ludden, C. S. Sweet,
A. Scriabine, N. N. Share, R. Hall., Beta-
Adrenergic blocking agents with acute
antihypertensive activity, J. Med. Chem, 1979,
22(6), 687–694.

11. Zeynep Soyer, Fatma Sultan Kiliç, Kevser
Erol, Varol Pabuçcuoglu., Synthesis and
anticonvulsant activity of some x-(1H-
imidazol-1-yl)-N-phenylacetamide and
propionamide derivatives, IL Farmaco, 2003,
59, 595–600.

12. J.M. Van Cutsem, D. Thienpont., Miconazole,
a broad-spectrum antimycotic agent with
antibacterial activity, Chemotherapy, 1972, 17,
392-404.

13.  Katsuhisa Uchida, Yayoi Nishiyama and
Hideyo Yamaguchi., In vitro antifungal
activity of luliconazole (NND-502), a novel
imidazole antifungal agent, Journal of
Infection and Chemotherapy, 2004, 10, 216-
219.

14. Hiroyuki Miyachi, Hiromi Kiyota, Mitsuru
Segawa., Design, synthesis and antimuscarinic
activity of some imidazolium derivatives,
Bioorganic & Medicinal Chemistry Letters.,
1999, 9, 3003-3008.

15. Downie,J.W., Twiddy, D.A., Awad, S.A., Anti
muscarinic and non-competitive antagonist
properties of dicyclomine hydrochloride in
isolated human and rabbit bladder muscle.
Journal of Pharmacology and Experimental
and Therapeutics 1977, 201, 662–668.

16. Ganguly.S.and Razdan.B.K., Synthesis of
some new derivatives of 2-methyl imidazoles,
Indian. Jr. Het. Chem, 2005, 14(1), 255-256.

17.  Shamsa, A. Ahmadiani and R. Khosrokhavar.
Antihistaminic and anticholinergic activity of
barberry fruit (Berberis vulgaris)  in  the
guinea-pig ileum. Journal of
Ethnopharmacology 1999; 64:161-166.

18. S.K. Kulkarni. Handbook of experimental
pharmacology. Vallabh Prakashan Delhi,India,
3rd Ed., 1999; 16.

19. Surendra H. Bodakhe, J.S.Dangi, Alpana Ram,
K. P. Namdeo and Kiran S.Bodakhe Indian. J.
Pharm. Educ. Res. 2009 43(2) 199-202.

20. Levent Ustunfs, Gert M .Laekeman, Belkis
Gozler,  Arnold  J.  Vlietinck,  Azli  Ozer,  and
Arnold G.Herman. In vitro study of the
anticholinergic and antihistaminic activities of
protopine and some derivatives. Journul of
Natural   Products 1988; 51(5), 1021-1022.

21. N. Chand, W. Diamantis and R. D.Sofia.
Antagonism of histamine and
leukotrienes by azelastine in isolated guinea
pig ileum Agents and Actions 1986, 19, 164-
168.

22. Valdir Cechinel-Filho, Julio A. Zampirolo,
Hellen K. Stulzer, and Valfredo Schlemper.
Antispasmodic effects of Persea cordata bark
fractions on guinea pig ileum Fitoterapia
2007, 78, 125-128.

23. Seung-Duk Ryua, Chang-Shin Parka, Sung-
Yeoun Hwangb,Yeong-Chul Parkc, Woon-
Gye Chungd., Spasmogenic activity and acute
toxicity of Yumijangquebo,a herbal laxative
formulation, Journal of Ethnopharmacology,
2005, 101, 197-203.

24. M.V. Venkataranganna, S.D. Anturlikar, S.
Gopumadhavan, N.S. Prakash, Mohammed
Rafiq, Girish S. Murthy and S.K. Mitra.,
Antispasmodic Activity of SJ-200
(Himcospaz) An Herbal Preparation,
Pharmaceutical Biology, 2002, (40), 6, 416-
421.

25. Mohammad Kazem Gharib Naseri, Hoda
Yahyavi and Maedeh Arabian., Antispasmodic
activity of onion (Allium cepa L.) peel extract
on rat ileum, Iranian Journal of Pharmaceutical
Research, 2008, 7 (2), 155-159.

26. Farzin Hadizadeha,b, Bibi Fatemeh Anaraki-
Firoozb,  Syed  Intasar  Husain  Taqvi.,  Effects
of 2-Alkylamino-substituted dihydropyridines
on rabbit jejunum, Iranian Journal of
Pharmaceutical Sciences, 2004, 1(1), 27-31.

27. R. N. Gireva, G. A. Aleshina, L. F. Mal'tseva,
T. V. Mikhailova, and O I. Petrova, Synthesis
and investigations of certain imidazole
derivatives. V. Acyl derivatives of the ethyl
ester of 4(5)-amino-5(4)-imidazolecarboxylic
acid, pharmaceutical chemistry journal, 1968,
2, 360-361.

28. Valdir Cechinel-Filho, Júlio A. Zampirolo,
Hellen K. Stulzer, Valfredo Schlemper.,
Antispasmodic effects of Persea cordata bark
fractions on guinea pig ileum, Fitoterapia,
2007, 78, 125-128.

*****


	L. Baskar*, Papiya Mitra Mazumder, D. Sasmal and S.Ganguly

