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Abstract

Two series of the compounds having indole and imidazole moeity in the same molecule have been
synthesized. The structure of the newly synthesized compounds was supported by IR, 'H NMR and Mass
spectral data. These compounds were investigated for their anti-inflammatory, analgesic, ulcerogenic,
lipid peroxidation and antimicrobial activities. Some of the synthesized compounds showed potent anti-
mflammatory activity along with minimal ulcerogenic effect and lipid peroxidation, compared to
indomethacin. Some of tested compounds also showed significant antimicrobial activity against tested
bacterial and fungal strains. The most potent compound in both series, 4-(1H-Indol-3-yl-methylidene)-2-
phenyl-1-[2-(6-methoxy-2-naphthyl) propanamido]-5-oxo-imidazoline (5¢) was further tested for its
hepatotoxicity.

Key words: Indole/imidazoline, Anti-inflammatory, Analgesic, Ulcerogenicity, Lipid peroxidation,
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Introduction

Imidazole and indole residues are probably the most well known heterocycles, which are
common and important feature of a variety of natural products and medicinal agents.
Compounds carrying indole residue e.g. indomethacin (Roberts e al., 2001), tenidap (Moore ef
al., 1996) are NSAIDs and have shown to exert anti-inflammatory effects. Indole, the potent
basic pharmacodynamic nucleus, has been reported to possess a wide variety of biological
properties viz, anti-inflammatory (Radwan et al., 2007; Amir et al., 1997; Misra et al., 1996),
anticonvulsant (Altintas ef al., 2006) and antimicrobial (Ryu ef al., 2007). Mitomycines are
natural antibiotics bearing indole residue that are also anticancer compounds as DNA cross-
linking agents (Scott and Williams, 1998). Furthermore, imidazole nucleus forms the main
structure of some well-known components of human organisms i.e. the amino acid histidine,
vit-By,, histamine and biotin. It is also present in the structure of many natural or synthetic drug
molecules i.e. cimetidine, azomycin and metronidazole. Besides these, imidazole/imidazoline
nucleus containing compounds exhibit a wide spectrum of biological activities such as anti-
inflammatory and analgesic (Almansa er al, 2003; Barta er al, 1998), anticonvulsant
(Puratchikody ef al., 2004), antimicrobial (Khabnadideh et /., 2003; Matysiak et al., 2003) and
antitubarcular (Gupta ez al., 2004).

Encouraged by these observations and in continuation of our research work on the synthesis of
heterocyclic compounds (Amir ef al., 2006; Amir and Kumar, 2005), we report herein, the
synthesis of a hybrid molecule containing both the indole and imidazole residues. The newly
synthesized compounds were tested for their anti-inflammatory, analgesic and antimicrobial
activities.
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Material and Methods:

Melting points were determined in open capillary tubes and are uncorrected. IR (KBr) spectra were
recorded on a Nicolet, 5SPC FTIR spectrometer and 'H NMR spectra were recorded in CDCly/DMSO-d,
on a Bruker DRX-300 (300 MHz FT NMR) spectrometer using TMS as internal reference (Chemical
Shift in & ppm). Mass spectra were recorded at Jeol SX-102 spectrometer. Chemicals were purchased
from Merck Chemical Company, S. D. Fine (India) and Qualigens (India). The purity of various
synthesized compounds was checked by TLC and elemental analysis. Spectral data ('H NMR, IR and
mass) of the synthesized compounds were in full agreement with the proposed structures. Acid
hydrazides were prepared by the procedure given in literature (Amir and Kumar, 2004).

Chemistry:
4-(1H-indol-3-ylmethylidine)-2-phenyl-1,3-oxazolin-5-one (Table 1)

A mixture of indole-3-carboxyldehyde (0.01 mol), benzoyl glycine (0.01 mol), fused sodium acetate
(0.015 mof) and acetic anhydride (7.15 mL) was heated on a hot plate with constant shaking. When the
mixture liquefied completely, it was transferred on water bath and refluxed for another 4 h. Ethanol (10
mL) was added slowly to the cooled mixture and the contents were allowed to stand overnight. Solid
filtered, washed with boiling water and recrystalised with acetone.

IR (KBr v cm’') = 3174 (NH), 2927 (C-H), 1685 (C=0), 1637 (C=N). "H NMR (CDCl,): § 7.38-8.40 (m,
10 Ar-H & 1CH, 11H), 8.75 (bs, NH, 1H). MS m/z: 288 (M").

Awyl thiosemicarbazides (2a-h)

A mixture of substituted aniline (0.02 mol), ethanol (95%, 10 mL) and ammonia (5 mL) was cooled to
below 30°C and CS, (2 mL) was added slowly with in 15 min with shaking. After complete addition of
CS,, the solution was allowed to stand for 1 h, followed by addition of sodium chloroacetate (0.02 mol).
The reaction was exothermic with change in colour from red to yellowish green. Hydrazine hydrate
(99%, 2 mL) was added to the solution. The mixture was warmed gently, filtered, boiled to half of its
volume and kept overnight. Solid thiosemicarbazides thus separated out were filtered, dried and
recrystallised with suitable solvent.

2¢: IR (KBr v em™) = 3278 (NH), 1132 (C=S). '"H NMR (DMSO-d;): § ppm 2.14 (s, 0-CHs, 3H), 2.25
(s, 3H, p-CH;, 3H), 4.70 (bs, NH,, 2H), 6.94 (d, J = 7.1 Hz, Ar-H, 1H), 7.01 (s, Ar-H, 1H), 7.34 (d, J =
7.1 Hz, Ar-H, 1H), 9.00 (bs, Ar-NH, 1H), 9.29 (bs, CS-NH, 1H). MS m/z: 195 (M").

2g: IR (KBr v em™) = 3199 (NH), 1103 (C=S). "H NMR (DMSO-dg): & ppm 5.10 (bs, 2H, NH,), 7.36-
7.70 (m, 3Ar-H & 1NH, 4H), 8.30 (bs, CS-NH, 1H). MS m/z: 219 (M").
4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-(4-substituted phenyl thiourido)-5-oxo-imidazoline (4a-h)

Compound 1 (0.01 mol) and ary] thiosemicarbazides 2a-h (0.01 mol) were dissolved in pyridine (15 mL)
and refluxed for 14-18 h. Resulting mass thus obtained was allowed to cool to room temperature and
poured over crushed ice and neutralized with dilute hydrochloric acid. Solid obtained was filtered,
washed with water and recrystalised with suitable solvent.

4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-(4-methoxyphenyl thiourido)-5-oxo-imidazoline (4a)

IR (KBr v cm'') = 3250 (NH), 2927 (C-H), 1680 (C=0), 1614 (C=N), 1244 (C-O-C), 1124 (C=S). 'H
NMR (DMSO-d): ppm & 3.77 (s, OCH3, 3H), 7.20-8.91 (m, 14Ar-H, 1CH & 1NH, 16H), 11.69 (bs, NH-
CS-NH, 2H). MS m/z: 467 (M").

4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-(2-methylphenyl thiourido)-5-oxo-imidazoline (4b)

IR (KBrv em™) = 3256 (NH), 2928 (C-H), 1689 (C=0), 1639 (C=N), 1127 (C=S). '"H NMR (DMSO-d,):

5 2.18 (s, CHs, 3H), 7.24-8.90 (m, 14Ar-H & 1CH, 15H), 9.93 (bs, NH, 1H), 10.38 (bs, Ar-NH, 1H),
10.74 (bs, CS-NH, 1H). MS m/z: 451 (M").
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4-(I H-Indol-3-yl-methylidene)-2-phenyl-1-(3-methylphenyl thiourido)-5-oxo-imidazoline (dc)

IR (KBr v cm'') = 3230 (NH), 2938 (C-H), 1675 (C=0), 1623 (C=N), 1131 (C=S). 'H NMR (CDCL): &
2.17 (s, CH;, 3H), 7.10-8.42 (m, 14Ar-H & 1CH, 15H), 9.44 (bs, NH, 1H), 11.13 (bs, NH-CS-NH, 2H).
MS m/z: 451 (M),

4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-(4-methylphenyl thiourido)-5-oxo-imidazoline (4d)

IR (KBr v cm") = 3220 (NH), 2927 (C-H), 1679 (C=0), 1633 (C=N), 1123 (C=S). 'H NMR (CDCl,): 5
231 (s, CH, 3H), 7.21-8.09 (m, 14Ar-H & 1CH, 15H), 9.49 (bs, NH, 1H), 11.19 (bs, NH-CS-NH, 2H).
MS m/z: 451 (MD).

4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-(2,4-dimethylphenyl thiourido)-5-oxo-imidazoline (4e)

IR (KBr v em™) = 3229 (NH), 2937 (C-H), 1670 (C=0), 1639 (C=N), 1143 (C=S). 'H NMR (CDCL,): &
1.83 (s, 0-CHs, 3H), 2.11 (s, p-CHs, 3H), 6.74-7.76 (m, 13 Ar-H & 1CH, 14H), 9.52 (bs, NH, 1H), 10.54
(bs, A--NH, 1H), 11.16 (bs, CS-NH, 1H). MS m/z: 465 (M").

4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-(4-fluorophenyl thiourido)-5-oxo-imidazoline (4f)

IR (KBr v cm'') = 3298 (NH), 2936 (C-H), 1680 (C=0), 1611 (C=N), 1098 (C=S). 'H NMR (CDCL,): 6
7.24-8.19 (m, 14Ar-H & 1CH, 15H), 9.38 (bs, NH, 1H), 11.35 (bs, NH-CS-NH, 2H). MS m/z: 490 (M").

4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-(3-chloro-4-fluoropheny! thiourido)-5-oxo-imidazoline (4g)

IR (KBr v cm') = 3180 (NH), 2932 (C-H), 1690 (C=0), 1636 (C=N), 1127 (C=S). 'H NMR (CDCL): &
7.13-8.57 (m, 13Ar-H & 1CH, 14H), 9.03 (bs, NH, 1H), 10.31 (bs, Ar-NH, 1H), 11.29 (bs, CS-NH, 1H).
MS m/z: 490 (M).

4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-(4-bromophenyl thiourido)-5-oxo-imidazoline (4h)

IR (KBrv cm) = 3218 (NH), 2990 (C-H), 1679 (C=0), 1623 (C=N), 1122 (C=S). 'H NMR (DMSO-d,):
§7.20-8.90 (m, 14Ar-H, 1CH & INH, 16H), 11.68 (bs, NH-CS-NH, 2H). MS m/z: 516 (M").

4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-{2-substituted phenyl acetamido/propanamido] -5-oxo-
imidazoline (5a-f)

Compound 1 (0.01 mol) and appropriate acid hydrazide 3a-f (0.01 mol) was dissolved in pyridine (15
mL) and refluxed for 19-22 h. Resulting mass thus obtained was allowed to cool to room temperature
and poured over crushed ice and neutralized with dilute hydrochloric acid. Solid thus separated out was
filtered, washed with water and recrystallised with suitable solvent.

4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-[2-(2,6-dichloroanilino) phenyl acetamido] -5-0xo-
imidazoline (5a)

IR (KBr v em’") = 3221 (NH), 2930 (C-H), 1701 (C=0), 1630 (C=N). 'H NMR (DMSO-d,): 5 4.19 (s,
CH,, 2H), 6.80-8.40 (m, 17Ar-H & 1CH, 18H), 11.33 (bs, NH, 1H), 11.48 (bs, Ar-NH, 1H), 11.60 (bs,
CO-NH, 1H). MS m/z: 580 (M").

4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-[2-(4-isobutylphenyl) propanamido]-5-oxo-imidazoline (5b)

IR (KBr v em’) = 3234 (NII), 2927 (C-H), 1695 (C=0), 1639 (C=N). '"H NMR (DMSO-d,): & 0.83 [d, J
= 6.6 Hz, (CH;),, 6H], 1.41 (d, J = 6.9 Hz, CH;,, 3H), 1.76-1.82 (m, CHCH,, 1H), 2.38 (d, J = 7.0 Hz,
CH,, 2H), 4.73 (q, J = 6.9 Hz, CHCH,, 1H), 7.04-8.58 (m, 14Ar-H & 1CH, 15H), 10.95 (bs, NH, 1H),
11.53 (bs, CO-NH, 1H). MS m/z: 490 (M").

4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-[ 2-(6-miethoxy-2-naphthyl) propanamido]-5-oxo-imidazoline
(3¢)

IR (KBr v em’) = 3192 (NH), 2927 (C-H), 1698 (C=0), 1605 (C=N), 1225 (C-O-C). 'H NMR (DMSO-
dg): 8 1.49 (d, J = 6.9 Hz, CHs, 3H), 3.82 (s, OCHs, 3H), 4.84 (q, J = 6.9 Hz, CHCH,, 1H), 7.09-8.39 (m,
16 Ar-H & 1CH, 17H), 11.00 (bs, NH, 1H), 11.57 (bs, CO-NH, 1H). MS m/z: 514 (M").
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4-( H-Indol-3-yl-methylideng)-2-phenyl-1-(4-hydroxyphenyl acetamido)-5-oxo-imidazoline (5d)

IR (KBr v cm'') = 3305 (OH), 3196 (NH), 2958 (C-H), 1690 (C=0), 1631 (C=N). 'H NMR (DMSO-d,):
8 3.90 (s, CH,, 2H), 6.66-8.36 (m, 14 Ar-H & 1CH, 15H), 9.27 (bs, NH, 1H), 11.00 (bs, CO-NH, 1H),
11.54 (bs, OH, 1H). MS m/z: 436 (M),

4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-(2,4-dichlorophenoxy acetamido)-5-oxo-imidazoline (5e)

IR (KBrv ey = 3173 (NH), 2936 (C-H), 1700 (C=0), 1638 (C=N), 1248 (C-0-C). 'H NMR (DMSO-
dg): 8 5.16 (s, OCH,, 2H), 7.09-7.82 (m, 13 Ar-H & 1CH, 14H), 9.15 (bs, NH, 1H), 11.08 (bs, CO-NH,
1H). MS m/z: 505 (M").

4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-(2,4,6-trichlorophenoxy acetamido)-5-oxo-imidazoline (5f)

IR (KBr v cnr’') = 3282 (NH), 2930 (C-H), 1677 (C=0), 1615 (C=N), 1248 (C-O-C). '"H NMR (DMSO-
dg): 8 5.31(s, OCH,, 2H), 7.13-7.79 (m, 12Ar-H & 1CH, 13H), 9.24 (bs, NH, 1H), 11.02 (bs, CO-NH,
1H). MS m/z: 540 (M),

Biological evaluaiion:

Adult male Wistar strain rats of either sex, weighing 150-200 g were used for anti-inflammatory,
ulcerogenic and lipid peroxidation activities, whereas Swiss albino mice weighing 25-30 g were used for
analgesic and anticonvulsant activities. The animals were allowed food and water ad libitum except
during the experiments. They were housed in room at 25 + 2 °C, and 50 + 5% relative humidity with 12 h
light/dark cycle. The animals were randomly allocated into groups at the beginning of all the
experiments. The experimental protocol was approved by the animal ethics committee of Hamdard
University. All the test compounds and the reference drugs were administered orally, suspended in 0.5%
carboxymethyl cellulose (CMC) solution except for anticonvulsant activity for which test compounds
and standard drug were administered intraperitoneally (i.p.) suspended in Tween 80 (1%) solution.

Anti-inflammatory activity

The synthesized compounds were evaluated for their anti-inflammatory activity using carrageenan
induced hind paw edema method (Winter et al., 1962). The animals were randomly allocated into groups
of six animals each and were fasted for 24 h before the experiment with free access to water. Control
group received only 0.5% carboxymethyl cellulose solution. Standard drug indomethacin was
administered orally at a dose of 10 mg/kg. The test compounds were administered orally at an equimolar
oral dose relative to 10 mg/kg indomethacin. 0.1 mL of 1.0% carrageenan solution in saline was injected
subcutaneously into the sub plantar region of the right hind paw of each rat, 1 h after the administration
of the test compounds and standard drug. The right hind paw volume was measured before and after 3h
and 4h of carrageenan treatment by means of a plethysmometer. The percent anti-inflammatory activity
was calculated according to the following formula:

Percent anti-inflammatory activity (%) = (V-V/V) x 100

where, V, represents the mean increase in paw volume in rats treated with test compounds and V.
represents the mean increase in paw volume in control group of rats.

Analgesic activity

Analgesic activity was evaluated by tail immersion method (Adeyemt et al., 2004). Swiss albino mice
allocated into different groups consisting of six animals in each, of either sex, weighing 25-30 g were
used for the experiment. Analgesic activity was evaluated after oral administration of the test compounds
at an equimolar dose relative to 10 mg/kg indomethacin. Test compounds and standard drugs were
administered orally as suspension in carboxymethyl cellulose solution in water (0.5 % w/v). The
analgesic activity was assessed before and after 4 h interval of the administration of test compounds and
standard drugs. The lower 5 cm portion of the tail was gently immersed into thermostatically controlled
water at 55 £ 0.5°C. The time in second for tail recovering from water was taken as the reaction time
with a cut of time of immersion, set at 10 seconds for both control as well as treated groups of animals.
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Acute ulcerogenicity

Ulcerogenic actwvity (Cicli ef al,, 1979) was evaluated after oral administration of the test compounds at
an equimolar dose relative to 30 mg/kg indomethacin. The animals were allocated into different groups
consisting of six animals in each group. Conftrol group received only 0.5% carboxymethylcellulose
solution. Food but not water was removed 24 h before administration of the test compounds. After the
drug treatment, the rats were fed with normal diet for 17 h and then sacrificed. The stomach was
removed and open along the greater curvature, washed with distilled water and cleaned gently by dipping
in normal saline. The mucosal damage was examined by means of a magnifying glass. For each stomach
the mucosal damage was assessed according to the following scoring system:

0.5: redness, 1.0: spot ulcers, 1.5: hemorrhagic streaks, 2.0: ulcers > 3 but < 5, 3.0: ulcers >5. The mean
score of each treated group minus the mean scove of control group was regarded as severity index of
gastric mucosal damage.

Lipid peroxidatiorn

Lipid peroxidation (Ohkawa ef ¢l., 1979) in the gastric mucosa was determined on the same animals used
for the ulcerogenic activity. After screening for ulcerogenic activity, the gastric mucosa was scraped with
two glass slides, weighed (100 mg) and homogenized in 1.8 mL of 1.15% ice cold KCl solution. The
homogenate was supplemented with 0.2 mL of 8.1% sodium dodecyl sulphate (SDS), 1.5 mL of acetate
buffer (pH 3.5) and 1.5 mL of 0.8% thiobarbituric acid (TBA). The mixture was heated at 95°C for 60
min. After cooling the reactants were supplemented with 5 mL of the mixture of n-butanol and pyridine
(15:1 v/v), shaken vigorously for 1 min and centrifuged for 10 min at 4000 rpm. The supernatant organic
layer was taken out and absorbance was measured at 532 nm on UV spectrophotometer. The results were
expressed as nmol MDA/100 mg tissue, using an extinction coefficient of 1.56 x 10° e M7

Hepatotoxic studies

The study was carried out on Wistar albino rats of either sex weighing 150-200 g Animal were devided
into three groups, six rats in each. Group 1 was kept as control and received only vehicle (0.5% (w/v)
solution of carboxymethylcellulose in water), rest of the groups received test compounds, at an
equimolar oral dose relative to 10 mg/kg flurbiprofen in 0.5 % w/v solution of carboxymethylcellulose in
water once in a day for 15 days. After the treatment (15 days) blood was obtained from all the groups of
rats by puncturing the retro-orbital plexus. Blood samples were allowed to clot for 45 min at room
temperature and serum was separated by centrifugation at 2500 rpm for 15 min and analyzed for various
biochemical parameters.

Assessment of liver function

Assessment of liver function such as serum glutamate oxaloacetate transaminase (SGOT) and serum
glutamate pyruvate transaminase (SGPT) were estimated by a reported method (Reitman and Frankel ez
al., 1957). The alkaline phosphatase, total protein and total albumin were measured according to the
reported procedures (King and Armstrong ef al., 1934; Varley ef al., 1988). All the data are recorded in
Table 4.

Histopathological studies of liver

The histopathological studies were carried out by reported method (Luna ez al., 1968). The rats were
sacrificed under light ether anesthesia after 24 h of the last dosage, the liver were removed and washed
with normal saline and stored in formalin solution. Section of 5-6 microns in thickness were cut, stained
with haematoxylin and eosin and then studied under an electron microscope (Figures 1 and 2).
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Figure 1. Control: Section of liver showing Figure 2. 5c¢: section of liver showing hepatic
normal hepatic parenchyma with portal triad parenchyma with inflammatory cells structures
(400x) infiltrating the portal triad structures (400x).

Antibacterial and antifungal activities

Antibacterial activity of the synthesized compounds was determined in vitro by using cup plate method
(Murray et al., 1995) against Staphylococcus aureus (gram-positive), Escherichia coli (gram negative) at
200, 100, 50, 25, 12.5 and 6.25 pg mL™' concentration respectively, in the nutrient agar media by
measuring the zone of inhibition in mm. Standard antibiotic ofloxacin was used as reference drug at 50,
25,12.5 and 6.25 pg mL "' concentrations.

Similarly, the antifungal activity of the synthesized compounds were determined in vitro by cup plate
method against fungal strain Candida albicans at 200, 100, 50, 25, 12.5 and 6.25 pg mL"' concentrations
in sudroad dextrose medium by using ketoconazole as standarad drug at 50, 25, 12.5 and 6.25 pg mL’
concentrations. The zone of inhibition was measured in mm. The compounds which showed inhibition at
25 pg mL™" concentration were further tested at 12.5 and 6.25 pg ml" concentrations. Dimethyl
formamide (DMF) was used as solvent to prepare the desired concentration of the synthesized
compounds.
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Results and discussion

The anti-inflammatory activity of the synthesized compounds 4a-h, and 5a-f was evaluated by
carrageenan induce paw edema method. Since the percentage of inhibition was found to be
higher after 4 h, this was used as a basis of discussion. The tested compounds showed anti-
inflammatory activity ranging from 22.72 - 83.32%, whereas standard drug indomethacin
showed 82.57% inhibition after 4 h (Table 2). The compound 5S¢ having 2-(6-methoxy-2-
naphthyl)propanamido group at 1% position of imidazole ring showed an anti-inflammatory
activity (83.32%) higher than the standard drug indomethacin (82.57%). When this group was
replaced by 2-(2,6-dichloroanilino)phenyl acetamido (5a) and  24-dichloro phenoxy
acetamido (Se) the activity decreased (73.48 and 70.45% respectively). The activity was further
decreased (65.90%) when p-hydroxyphenyl acetamido group (5d) was introduced in the
imidazole ring. Rest of the compounds (5b and 5f) showed weak activity. It was noticed that
the replacement of propanamido/acetamido group by thiourido group also resulted in
significant anti-inflammatory activity. The compounds de, 4d and 4b having 2.4-
dimethylphenylthiourido, 4-methylphenyl thiourido and 2-methylphenyl thiourido group
showed 79.54, 76.50 and 70.45% anti-inflammatory activity. The other compounds having
thiourido moiety showed moderate to weak activity. Thus it was concluded that imidazole
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derivatives having both propanamido/acetamide and thiourido group showed significant anti-
imflammatory activity.

The compounds 4b, 4d, 4e, 5a, 5¢ and Se, which showed significant anti-inflammatory activity
were further tested for their analgesic effect at the same oral dose as used for the anti-
inflammatory activity. The results for analgesic activity are presented as percentage analgesia
in Table 3. The tested compounds showed % analgesia ranging from 29.8 to 94.7% whereas,
standard drug indomethacin showed 70.7% analgesia at the same oral dose. The compounds
(5¢) which showed the maximum anti-inflammatory activity, also showed maximum (94.7%)
analgesic effect. All the tested compounds having thiourido moiety 1.e. 4d (4-methylphenyl
thiourido), 4e (2,4-dimethylphenyl thiourido) and 4b (2-methylphenyl thiourido) at 1% position
of imidazoline ring showed more analgesic effect 91.8%, 85.3% and 72.2% respectively than
that of standard drug.

The compounds (4b, 4d, 4de, 5a, Sc and Se) which were tested for their analgesic effect were
further tested for their acute ulcerogenicity and lipid peroxidation (Table 3). The tested
compounds showed severity index ranging from 0.500 to 1.000 whereas the standard drug
indomethacin showed a high severity index of 2.333. The compound %S¢ which showed
maximum anti-inflammatory and analgesic activity also showed minimum ulcerogenicity
(severity index 0.500), whereas compound having 2-methylphenyl thiourido (4b) and 2,4-
dichlorophenoxy acetamido (5e) group at 1* position of imidazoline nucleus showed maximum
ulcerogenicity (severity index 1.000). The result showed that all the tested compounds of the
series showed less ulcerogenicity than that of standard drug. It has been reported in the
literature that compounds showing less ulcerogenic activity also showed reduced
malondialdehyde (MDA) content, a byproduct of lipid peroxidation. Therefore an attempt was
made to correlate the decrease in ulcerogenicity of the compounds with that of lipid
peroxidation. All the compounds screened for ulcerogenic activity were also analyzed for lipid
peroxidation. The lipid peroxidation was measured as nmol MDA/100mg tissue. The tested
indole and imidazole, derivatives showed significant decrease in lipid peroxidation (reduction
in MDA content) ranging from 4.98 to 5.66 MDA/100mg in comparison to their reference
drugs indomethacin (9.29 MDA/100mg). A control group was also used which showed 3.25
nmol MDA/100mg tissue.

The compound 4-(1H-Indol-3-yl-methylidene)-2-phenyl-1-[2-(6-methoxy-2-naphthyl)
propanamidol-5-oxo-inidazoline (5¢) showing potent anti-inflammatory and analgesic
activities with minimum ulcerogenicity and lipid peroxidation were further studied for their
hepatotoxic effect. The compound was studied for its effect on biochemical parameters (serum
enzymes, total protein and total albumin) and histopathology of liver. As shown in Table 4,
activities of liver enzymes SGOT, SGPT, alkaline phosphatase and total protein, total albumin
were significantly changed with respect to control values. These changes were further
confirmed by histopathological studies of the liver sample (Figure 2), which showed hepatic
parenchyma with inflammatory cells infiltrating the Portal Triad in comparison to control group
(Figure 1). No hepatocyte necrosis or degeneration was seen in the sample.

The results of the antimicrobial activities of the newly synthesized compounds were reported as
minimum inhibition concentration (MIC) against Staphylococcus aureus, Escherichia coli and
Candida albicans (Table 2). None of the synthesized compounds have shown significant
antibacterial activity against Staphylococcus aureus. Compounds 4b, 4g and 5S¢ exhibited MIC
of 12.5 ng mL™" against Escherichia coli. Compounds 5d and 5f were found to have moderate
inhibitory activity (MIC of 25 pg mL") against Candida albicans. The other compounds have
not exhibited any significant antimicrobial activity against any of the strain used. The standard
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drug ofloxacin showed MIC of 6.25 g mL™ against Escherichia coli & Staphylococcus aureus
and ketoconazole showed MIC of 6.25 pg mL ™' against Candida albicans.

In conclusion, promising results have been obtained from these two series of compounds.
These results clearly indicate that few of the hybrid molecules having both indole and
imidazole residues showed significant anti-inflammmatory and analgesic activities. Among these
compounds  4-(1H-Indol-3-yl-methylidene)}-2-phenyl-1-[2-(6-methoxy-2-naphthyl)  propan-
amido]-5 -oxo-imidazoline (5¢) showed maximum anti-inflammatory and analgesic activity
with minimum ulcerogenicity and lipid peroxidation and has emerged as a lead compound.
These compounds were also tested for their antimicrobial activity and were found to be
moderately active.

Table 1. Physical data of the synthesized compounds.

Compd. Recrystallisi  Yield M. P. Mol. Formula Mol. % Nitrogen
ng Solvent % °C) Wt. Calcd. (Found)
1 Acetone 41 154 CisH N0, 288 9.72 (9.79)
2a Ethanol 75 148 CgH N3OS 197 21.30(21.38)
2b Ethanol 66 138 CgH | {N5S 181 23.18 (23.26)
2¢ Acetone 73 92 CgH,N5S 181 23.18 (23.11)
2d Ethanol 65 110 CgH N3S 181 23.18 (23.10)
Ze Ethanol 55 116 CoH3N3S 195 21.52 (21.46)
2f Ethanol 64 152 C;HgFN,;S 185 22.69 (22.60)
2g Ethanol 71 146 C;H,CIFN;S 219 19.13 (19.20)
2h Methanol 79 160 C/HgBrN;S 246 17.07 (17.00)
4a Ethanol 55 >300 CysH2 N50,8 467 14.98 (15.04)
4b Ethanol 67 174 Cy6Hy N5OS 451 15.51 (15.60)
4c Ethanol 61 294 C,6H;NsOS 451 15.51(15.59)
4d Ethanol 57 290 Cy6H2 1 N5OS 451 15.51(15.46)
de Ethanol 52 178 Cy7HL3N508 465 15.04 (15.08)
4f Fthanol 49 182-184 CysH 1 gFNOS 455 15.37 (15.32)
dg Ethanol 69 178 CysH;CIFN;O8 490 14.29 (14.33)
4h Ethanol 70 >300 C,sH gBrNsOS 516 13.56 (13.62)
Sa Acetone 63 274 C3,H3CLNSO, 580 12.06 (12.12)
5b Methanol 56 130 Cy3 H3oN,O, 490 11.42 (11.49)
5¢ Ethanol 61 240 © CyHoeNLO;5 514 10.89 (10.81)
5d Ethanol 58 232-234 CysHoNLO; 436 12.84 (12.93)
Se Ethanol 64 168 Cy6H 13CLN,O4 505 11.09(11.13)
5f Ethanol 73 126 CyeH 17C13N,04 540 10.38 (10.43)
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Table 2. Anti-inflammatory and antimicrobial activity of the synthesized compounds

Compound Anti-inflammatory activity” Antimicrobial activity
% inhibition + SEM Mmic*
After 3h After4 h S. aureus E. coli C. albicans

4a 32.56+3.79 34.08 £ 3.47%* -- 200 200

4b 68.93 £ 3.60 70.45 + 3.26%* -- 12.5 50

4e 65.15+1.51 66.66 = 1.92%% 50 200 100

4d 7272 £ 1.66 76.50+ 1.82 50 200 --

de 74.24 + 0.95 79.54 +1.94 200 50 200

4f 30.29+3.03 31.05 £ 3.60%* -~ 50 --

4g 4924+ 1.39 5227+ 1.01%* - - 12.5 50

4h 61.35+£227 64.38 £ 2.47%* -- 200 200

S5a 71.21+£1.51 73.48 £ 1.82 200 200 100

5b 21.96+2.17 22,72 £ 2.03%* 200 200 --

5¢ 78.02+£2.17 83.32+£0.95 200 12.5 100

5d 65.15+ 1.51 65.90 £ 1.02%* -~ 200 25

Se 68.18 £ 1.53 7045+ 1.55%* -- 200 50

5t 29.54 £3.85 30.29 £ 3.45%* - - 100 25
Indomethacin 72.72+2.03 82.57+1.82 XX XX Xx
Ketoconazole XX . XX XX XX 6.25
Ofloxacin Xx XX 6.25 6.25 Xx

" Did not show any activity

 Not tested

*Relative to standard and data were analyzed by ANOVA followed by Dunnett’s multiple comparison
test for n=6; **p<0.01.

##ug mL»l

Table 3. Analgesic, ulcerogenic and lipid peroxidation activity of selected compounds.

Compound Analgesic Activity” Ulcerogenic nmol MDA
Pre-treatment/  Post-treatment/ % Inhibition a.c tivity (Severig Con/telr(l)toirf M
normal O h (s)  after4 h(s) index + SEM) tissue##g

4b 1.22£0.113 2.11£0.145 72.2%%% 1.000 & 0.22%* 5.6640.15%*

4d 1.26 +£0.108 243 +0.188 01.g%x* 0.666 = 0.10** 5.42 4:0.33%*

4e 1.59£0.121 2.95+0.278 85.3% 0.667 £ 0.11%* 5.09 £ 0.29%*

Sa 1.45+0.124 1.88+0.115 29.8 0.750 £ 0.11%* 5.58 £ 0.19**

S¢ 1.48+£0.122 2.85+0.197 94 7H** 0.500 + 0.00** 4.98 + 0.10%*

5e 1.40+0.121 1.91+0.120 37 1% 1.000 £ 0.18%* 5.60 + 0.32%*
Indomethacin ~ 1.16 £ 0.064 1.98 £0.071 70.7%%* 2.333+0.17 9.29+0.33
Control 0.00 3.25+0.05

*Relative to normal and data were analyzed by paired student’s ¢ test for n=6; ***p<0.0001, **p<0.001,
*
p<0.01

*Relative to their respective standard and data were analyzed by ANOVA followed by Dunnett’s
multiple comparison test for n=6; **p<0.01, *p<0.05.
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Table 4. Effect of compounds on serum enzymes, total proteins and total albumin.

Compound SGOT SGPT Alkaline Total protein Total albumin
I Units/mL" [Units/ml*  Phophatase’ g/dL’ g/dL’
Control 148.67 + 1.50 27.67 +0.84 13.06+0.25 1.80+0.01 1.67 £0.01
Se 165.67 4 0.42%% 355+ 1.59%* 2858+ 0.11%F 0.95:£004**  1.14+0.05%*

"Relative to control and data were analyzed by ANOVA followed by Dunnett’s multiple comparison test,
for n=6; **p<0.01
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