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ABSTRACT

Isatin is an endogenous compound and possess a wide variety of biological activities. In the present investigation, a different isatin derivatives such 
as novel isatin 3-[N-(4-substituted)-hydrazinyl-3-oxo prop 1-en-2yl) benzamides and their antimicrobial, analgesic and anticonvulsant activity was 
evaluated in different animal models. Antimicrobial activity by cup plate agar diffusion method. The analgesic activity was measured by Eddy’s hot 
plate method, and reaction time was recorded when the animals licked their for and hind paws and jumped at before 0 hr, 0.5 hr, 1 hr and 2 hrs 
after administration of test drugs. 4-aminopyridine chemical induction method was employed for anticonvulsant activity. All the compounds were 
screened, among the screened compounds some compounds showed antimicrobial, analgesic and anticonvulsant activity with dose-dependent effect 
when compared with the control group.
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INTRODUCTION

The field of medicinal chemistry is devoted to the discovery and 
development of new molecules for treating many diseases. The process 
of establishing a new molecule is exceedingly complex and involves the 
talents of people from the field of heterocyclic chemistry. The biological 
and pharmacological properties shown by the many pharmaceutical 
industries and as a result of this, the synthesis of heterocyclic 
compounds emerged as powerful techniques for generating lead 
molecule.

Isatin derivatives have been an area of intensive research due to their 
applicability in the prevention and treatment of various disorders. 
The isatins are fundamental constituents of a number of natural and 
synthetic products with biological activity. The isatin is a versatile 
compound isolated in 1988 and reported to possess a wide range of 
biological activities. It is also a synthetically versatile substrate that 
can be used to prepare a large variety of heterocyclic compounds and 
acts as a raw material for synthesis of drugs. Schiff bases of isatin 
are known to possess a wide range of pharmacological properties 
that are anticonvulsant [1], antibacterial [2], antifungal [2], anti-
inflammatory  [3], analgesic [3], antioxidant [4], and anticancer [5] 
activities. In view of the biological importance of these isatins, it was 
planned to synthesize a new series of isatin analogs and was evaluated 
for antimicrobial, analgesic, and anticonvulsant activity.

METHODS

Chemicals
All reagents were obtained from Sigma-Aldrich. All the solvents used in 
these studies were dried and distilled before use. Melting points were 
determined by open capillary tube method a dare uncorrected. The 
purity of the compounds checked by thin-layer chromatograph using 
glass plates coated with silica gel-G as an adsorbent, and spots were 
detected by iodine vapor.

Biological activities
Antibacterial activity
The compounds were tested in vitro for their antibacterial activity 
against two Gram-positive bacteria, viz., Bacillus subtilis and 
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Staphylococcus. Aureus and two Gram-negative bacteria, viz., Escherichia 
coli and Plasmodium vulgaris are pathogenic in human beings.

Method
Cup plate agar diffusion method using Muller-Hinton agar [6].

Materials
Nutrient agar, 18-24 hrs growth culture in nutrient agar, sterile Petri 
dishes, sterile micropipettes, sterile cotton swabs sterile cork borer 
(8 mm), and sterile test tubes.

Preparation of nutrient agar
Peptone 0.6  g, yeast extract 0.15  g, and dipotassium dihydrogen 
phosphate 0.13 g were dissolved in 100 ml distilled water and pH was 
adjusted to 7.2. This solution was sterilized by autoclaving at 15 p.s.i 
for 20 minutes.

Preparation of subculture
One day before these testings, inoculation of the above bacterial cultures 
were made in the nutrient agar and incubated at 37°C for 18-24 hrs.

Preparation of medium (Muller-Hinton Agar)
The 3.8 g of agar was dissolved into 100 ml of distilled water, and the 
pH was adjusted to 7.4±0.2. It was sterilized by autoclaving at 15 p.s.i 
for 20 minutes.

Preparation of test solutions
Each test compound (5 g) was dissolved in dimethylformamide (5 ml) 
to give stock solution of concentration 1000 µg/ml. Then, 0.1 ml of this 
solution was used for testing.

Preparation of standard solution
Standard drug norfloxacin was used. The concentration was 100 µg/ml.

Method of testing [7]
Muller -  Hinton agar plates were prepared by pouring 10-15  ml of 
the medium into each sterilized Petri dish and were allowed to set 
at room temperature. The cell suspension was standardized to the 
density of 530  nm using spectrophotometer and was inoculated 
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over the surface of agar medium using sterile cotton swab. The eight 
cups were scooped in each plate using a sterile cork borer of 8 mm 
diameter.

The solution of test compounds (0.10  ml) were added in cups using 
micropipettes and these were incubated at 37°C for 48 hrs. The zone of 
inhibition was measured in mm of each organism.

Antifungal activity
Method
Cup-plate agar diffusion method using sabouraud-dextrose agar [8].

Materials used
Sabouraud-dextrose agar, 18-24 hrs growth culture on sabouraud-
dextrose agar, sterile Petri dishes, sterile micropipettes, sterile cotton 
swabs sterile cork borer (8 mm), and sterile test tubes.

Preparation of sabouraud-dextrose agar
Dextrose (40 g), neopeptone (10 g), and agar (15 g) were dissolved in 
distilled water (1000 ml) and pH was adjusted to 5.5-6. This solution 
was sterilized by autoclaving at 120°C for 10 minutes.

Preparation of sub-cultures
One day before these testings, inoculation of the above fungal cultures 
were made in the sabouraud-dextrose agar and incubated at 37°C for 
18-24 hrs. A  suspension of cell from this culture was made in sterile 
distilled water. Five colonies more than 1  mm diameter were mixed 
with 5 ml of normal saline and vortexed for 15 seconds. The cell density 
was adjusted using spectrophotometer at 530  nm with addition of 
normal saline.

Preparation of test solutions
Each test compound (5 g) was dissolved in dimethylformamide (5 ml) 
to give stock solution of concentration 1000 µg/ml, and then, 0.1 ml of 
this solution was used for testing.

Preparation of standard solution
Standard drug norfloxacin was used. The concentration was 100 µg/ml.

Method of testing [8]
Sabouraud-dextrose agar plates were prepared by pouring 10-15  ml 
of the medium into each sterilized Petri dish and were allowed to set 
at room temperature. The cell suspension was standardized to the 
density of 530 nm using spectrophotometer and was inoculated over 
the surface of agar medium using sterile cotton swab. The eight cups 
were scooped in each plate using a sterile cork borer of 8 mm diameter, 
corresponding to control, standard and test solution.

Then, the solution of test compounds (0.10  ml) were added in cups 
using micropipettes and these were incubated at 37°C for 48 hrs. The 
zone of inhibition was measured in millimeter of each organism.

Analgesic activity [9]
Materials
Polypropylene cages with paddy husk, Eddy’s hot plate, pentazocine 
lactate as standard, test compounds, normal saline and double distilled 
water.

Animals
All the experiments were carried out using male, Swiss albino mice 
(25-30 g). On arrival, the animals were placed at random and allocated 
to treatment groups in polypropylene cages with paddy husk as 
bedding animals were housed at a temperature of 24±2°C and relative 
humidity of 30-70%. A 12:12 light:day cycle was followed. All animals 
were allowed to free access to water with standard commercial chaw 

pallets. All the experimental procedures and protocols used in this 
study were reviewed by the Institutional Animals Ethics Committee 
with registration number is 1505/PO/a/11/CPCSEA.

Drugs and chemicals
The drugs and fine chemicals were purchased from Sigma-Aldrich, 
India. All other chemicals and solvents were obtained from local firms 
and were highest pure and analytical grade.

Hot plate method [10]
Each group of six mice selected for this study. One group selected as 
control and received the vehicle and one group received the standard 
drug pentazocine lactate (30  mg/kg intraperitoneally [IP]), the drug 
concentration of 50 mg/g suspended in acacia was administered orally 
to other groups. The mice were placed on Eddy’s hot plate kept at a 
temperature of 55±0.5°C for a maximum time of 15 seconds reaction 
time was recorded when the animals licked their fore and hind paws 
and jumped at before 0 hr, 0.5 hr, 1 hr and 2 hrs after administration 
of test drugs. In statistical analysis, all the results were expressed as 
mean±standard error. Data were analyzed using one-way ANOVA 
followed by Dunnett’s test. p<0.05 was considered as statistically 
significant. The results of analgesic activity of synthesized compounds 
are presented in Table 2.

Table 1: Antibacterial activity of synthesized compounds

S.No. Compounds Zone of inhibition (in mm)

B. subtilis S. aureus E. coli P. vulgaris
1 B1 13 16 15 14
2 B2 19 18 17 18
3 B3 18 19 17 18
4 B4 13 12 14 11
5 B5 20 19 16 10
6 B6 22 22 20 19
7 B7 20 23 20 18
8 B8 21 20 19 16
9 B9 17 13 14 14
10 B10 13 17 16 13
11 B11 18 18 17 18
12 B12 15 17 15 14
13 B13 18 19 18 19
14 B14 20 21 18 13
Standard Norfloxacin 23 25 21 20
B. subtilis: Bacillus subtilis, S. aureus: Staphylococcus aureus, E. coli: Escherichia 
coli, P. vulgaris: Proteus vulgaris
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Table 2: Antifungal activity of synthesized compounds

S.No. Compounds Zone of inhibition (in mm)

C. albicans A. niger C. verticulate A. flavus
1 B1 15 16 15 13
2 B2 18 22 20 14
3 B3 17 16 18 13
4 B4 18 19 16 12
5 B5 15 18 13 10
6 B6 21 22 20 17
7 B7 24 25 22 18
8 B8 22 26 20 19
9 B9 14 17 19 12
10 B10 13 15 17 11
11 B11 17 20 18 15
12 B12 14 16 18 16
13 B13 23 22 19 17
14 B14 15 13 16 10
Standard Griseofulvin 25 26 24 20
C. albicans: Candida albicans, A. niger: Aspergillus niger, C. verticulate: ???, 
A.  flavus: Aspergillus flavus
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Anticonvulsant activity
Method
Chemical induction by 4-aminopyridine [11,12]: The experimental 
animals divided into four groups each group containing six rats. 
One group served as normal control and received normal saline 
solution only, one group served as standard drug for induction of 
convulsions by injecting 4-aminopyridine (13.3  mg/kg) IP, one 
group received standard drug phenytoin (5 mg/150 g body weight) 
IP, other groups received 4.5  mg (30  mg/kg) of test compounds 
suspended in tween-80 then administered IP as each compound 
per each group. All the groups except normal saline control were 
given 4-aminopyridine was measured and evaluated as a percent 
of the control. The control group received only the vehicle. When 
4-aminopyridine was injected to standard convulsant group, the 
onset of action was noted (identified by jerky movement of whole 
body and tonic convulsions) and severity of convulsions due to the 
drug (4-aminopyridine).

The compounds 4-aminopyridine produces powerful tonic convulsions 
of body and limbs. The test compounds were injected to the respective 
groups and after 1 hr 4-aminopyridine was injected IP. The time taken 
for the onset of tonic convulsions was recorded for each group and 
results are represented in the Table 4.

RESULTS AND DISCUSSION

In this study, the compounds were synthesized as depicted in Scheme 1. 
14 different novel isatin 3-[N-(4-substituted)-hydrazinyl-3-oxo prop 
1-en-2yl) benzamides were prepared.

Antibacterial activity
Compounds B2, B3, B11, and B13 have shown promising antibacterial 
activity. However, B5, B6, B8, and B14 compounds have shown excellent 
activity.

Antifungal activity
Compounds B7, B8, and B13 are have shown greater zone of inhibition as 
compared with griseofulvin. The compounds B2, B6, and B12 have shown 
excellent activity.

Analgesic activity
The newly synthesized compounds were subjected for their analgesic 
activity by hot plate method. The compounds B7, B8, B10, B11, and B13 are 
showed good analgesic activity and remaining compounds showed very 
less to moderate activity when compared to standard drug pentazocine 
lactate.

Table 3: Analgesic activity of synthesized compounds

S.No. Drug (50 mg/kg) Mean hind paws volume (ml)±SD Percentage of inhibition

0.5 hr 1 hr 2 hrs 0.5 hr 1 hr 2 hrs
Control 4.62±0.71 4.56±0.81 4.65±0.24
Standard 11.6±0.96* 12.54±0.26 13.25±0.41* 151 175 184

1 B1 3.98±0.53 6.60±0.39 5.51±0.48 139 44 18
2 B2 5.80±0.22 9.11±0.35 10.85±0.1* 26 100 133
3 B3 5.31±0.87 5.70±0.84 5.73±0.28 15 25 23
4 B4 6.11±0.76 5.03±0.44 7.12±0.30 32 10 53
5 B5 5.10±0.52 6.35±0.49 7.64±0.68 10.3 39 64
6 B6 5.01±0.23 6.65±0.27 6.89±0.72 8 46 48
7 B7 8.43±0.37* 9.25±0.96* 10.94±0.80* 82 102 135
8 B8 7.05±0.75* 11.24±0.62* 12.06±0.53* 53 146 159
9 B9 4.91±0.66 5.03±0.39 6.13±0.90 6 10 32
10 B10 9.12±0.86* 10.54±0.74* 12.62±0.89* 97 131 132
11 B11 8.65±0.76* 10.52±0.66* 12.43±0.86* 87 130 167
12 B12 5.55±0.43 6.75±0.62 8.80±0.93 20 48 89
13 B13 7.92±0.76* 9.86±0.46* 11.94±0.66* 71 116 57
14 B14 5.10±0.16 6.82±0.71 7.14±0.42 10 50 54
Standard‑pentazocine lactate. *: ???, **p<0.01‑significant, ***p<0.001 (ANOVA followed by Dunnet’s test), Compared to control at respective time period
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Anticonvulsant activity
All the compounds have been evaluated for their anticonvulsant activity 
using 4-aminopyridine chemical induction method and phenytoin as 
standard drug. The compounds B8, B10, B11 and B13 have shown excellent 
potent activity compared to the standard drug.

Antibacterial activity
The compounds B2, B3, B11, and B13 have shown promising antibacterial 
activity. However, B5, B6, B8, and B14 compounds have shown excellent 
activity.

Antifungal activity
Compounds B7, B8, and B13 have shown a greater zone of inhibition as 
compared with griseofulvin. The compounds B2, B6, and B12 have shown 
excellent activity.

Analgesic activity
The newly synthesized compounds were subjected for their analgesic 
activity by hot plate method. The compounds B7, B8, B10, B11, and B13 are 
showed good analgesic activity and remaining compounds showed very 
less to moderate activity when compared to standard drug pentazocine 
lactate.

Anticonvulsant activity
All the compounds have been evaluated for their anticonvulsant activity 
using 4-aminopyridine chemical induction method and phenytoin as 
standard drug. The compounds B8, B10, B11, and B13 have shown excellent 
potent activity compared to the standard drug.

CONCLUSION

Here, we concluded that novel isatin derivatives produce significant 
antimicrobial, analgesic, and anticonvulsant activities. It has been 
necessary from the results of preliminary investigations that there are a 
need further advanced studies, at least on a few of synthesized compounds.
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Table 4: Anticonvulsant activity of synthesized compounds

S.No. Compounds Mean±SD Percentage 
of inhibition

4‑aminopyridine 8.92±0.87
Standard 23.34±0.48*** 161.6

1 B1 10.52±0.99 17.9
2 B2 11.05±0.29 24
3 B3 12.05±1.30 35
4 B4 15.73±1.49** 76.3
5 B5 11.35±1.55 27.2
6 B6 19.52±0.37** 118.8
7 B7 10.89±1.66 22.0
8 B8 19.23±0.84*** 115.5
9 B9 14.52±0.73** 73.9
10 B10 20.80±0.83*** 133.1
11 B11 17.62±1.40*** 97.5
12 B12 13.22±1.13 48.2
13 B13 21.31±1.50*** 138.9
14 B14 10.15±0.35 13.7
Standard‑phenytoin, Statistically significant *p<0.05, **p<0.01, ***p<0.0001 
compared to control. SD: Standard deviation
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