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Abstract : This research highlights phobic behavior of swiss albino mice in an elevated plus 

maze and open field test as a model to evaluate the anxiolytic effect of synthetic coumarin 
derivativesi.e4-Methyl-2H-chromen-2-one and its substituted derivatives. The pechmann 

condensation provides route for synthesis of coumarin and its derivatives. For evaluating the 

antianxiety activity, swiss albino mice were divided into different groups and they were treated 
with different doses of the test compound and standard drug. 30 minutes after administration of 

test or standard drug antianxiety activity was checked on apparatus for 5 minutes. The data was 

subjected to analysis of variance by taking mean and standard error to the mean using Tukey’s 

post-hoc test. In elevated plus maze, all the three tested compounds at high dose revealed 
increase in time spent in open arm and preference to open arm as compared to control. In open 

field test, all the three coumarin derivatives showed a significant   increase in the number of 

square crossed and number of rearing as compared to control was observed. All of the changes 
were statistically highly significant. From the results, it can be concluded that the synthetic 

coumarin derivatives showed anxiolytic effects when administrated at high dose. 

Keywords : Antianxiety, Elevated Plus Maze, Open Field Test, Coumarin, Heterocyclic 
compounds. 

 

Introduction 

 There are numerous synthetic drugs which have stimulating or calmative effects on the central nervous 
system

[1]
 but coumarin are the compounds  which are gaining popularity because they have more therapeutic 

effects and less side effects. 

Coumarins are the organic chemical compounds belonging to benzopyrone chemical class which isnow 

days widely used in pharmaceutical industries
[2]

. It has two six-membered rings fused together, with one of the 

rings being a benzene ring and the other containing alkene functionality and an ester functional group. 

Coumarins play an important role in both natural systems like plants and also in medicinal applications as drug 
molecules

[3].
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In pharmacological and biological tests, coumarins and their derivatives arereported to have anti-

inflammatory, anticoagulant, antibacterial, antifungal, antiviral, anticancer, antihypertensive, antitubercular, 

anticardiovascular, anticonvulsant, antiadipogenic, antihyperglycemic, antioxidant, skin burn and 
neuroprotective properties

[4-12]
. Natural coumarins obtained from plants Ducrosia anethifolia

[13]
, Biebersteinia 

multifida
[14]

,  Melilotusofficinalis
[15 ]

etc. are the example of coumarins which possess antianxiety. These plants 

show anxiolytic activity by inhibiting monoamine oxidase enzyme and other reason is that there is binding site 
of coumarin derivatives with the benzodiazepine site of GABAA receptor. Despite a history of use of natural 

coumarins as medicine for the treatment of neuropsychiatric disorders, less synthetic coumarins has been 

investigated so far to substantiate these therapeutic claims and no experimental study is available on antianxiety 
evaluation. Therefore, it was envisioned to investigate the anxiolytic effect of different synthetic coumarins and 

their derivatives. 

In the present study, coumarin 4-Methyl-2H-chromen-2-one and its substituted derivatives has been 
evaluated for their anxiolytic potential. The Pechmann condensation provides route for synthesis of coumarin 

and its derivatives. For studying anxiolytic effects, three synthetic compounds have been synthesized (a) 4-

Methyl-7-nitro-2H-chromene-2-one (b) 4,7-Dimethyl-2H-chromene-2-one (c) 4-Methyl-6-nitro-2H-chromene-
2-one.  

Materials and Methods 

Drugs and chemicals 

Diazepam was obtained from local supplier. Sulphuric acid and ethylacetoacetate was ordered 
fomLobachemie whereas m–cresol and polyethylene glycol were procured from (S. D. Fine-Chem Ltd, 

Mumbai).p-nitrophenol and m- cresol  were obtained from (Spectrochem Pvt. Ltd ). Diazepam was used in 

concentration of 0.5 mg in 10 ml of distilled water and all the compounds were dissolved in polyethylene glycol 
and distilled water and were administered to mice according their weights. 

4-Methyl-7-nitro-2H-chromene-2-one (38.42mg/kg, 76.84mg/kg), 4,7-Dimethyl-2H-chromene-2-one 
(49.4mg/kg, 98.8mg/kg), 4-Methyl-6-nitro-2H-chromene-2-one (38.42mg/kg, 76.84mg/kg) and Diazepam were 

given by i.p. route. Control mice received vehicle (polyethylene glycol and distilled water). The effects of the 

drugs were estimated 30 min after the administration of the dose. The entire tests were carried out between 8:00 

a.m-14:00p.m. In each experiment, apparatus was cleaned using 5% ethanol before introducing the next animal 
to preclude the possible cueing effects of odors left by previous subjects. 

Animals 

Swiss albino mice (weighing 15-30g) were taken from Animal House of the G.H.G Khalsa College of 

Pharmacy and kept in polypropylene cages at 22±1 °C on a 12-h light/dark cycle. Water and food were 
available ad libitum. Institutional Animal Ethics Committee (LAEC) (Registration no: 

1801/PO/Re/S/15/CPCSEA) approved the experimental protocol and care of animals was taken as per 

guidelines of CPCSEA, Department of Animal Welfare and Government of India. Groups of five mice were 

randomly assigned to different treatment groups and tested in a counter balance order. Eight groups were made 
with five animals in each group. Control group received vehicle, positive control received Diazepam (2 mg/kg i. 

p.) while other group receive low and high dose of 4-Methyl-2H-chromen-2-one and its substituted derivatives. 

Synthesis of the 4-Methyl-2H-chromen-2-one and its substituted derivatives. 

 For synthesis of coumarin derivatives, concentrated sulphuric acid (50ml) was taken in double necked 

round bottomed flask (250ml) and it was cooled to 10C. In another beakerphenol (m-nitrophenol,m-cresol,p-

nitrophenol)was dissolved in freshly distilled ethylacetoacetate (6.8ml,0.05M). Then, mixture of phenol (1a-c) 
and ethylacetoacetate (2) was added drop wise to cold concentrated sulphuric acid solution with constant 

stirring. The temperature was maintained always below 10
o 

C. After adding all the portions of the mixture, the 

solution was kept aside for 12 hours, without further cooling. Then, the reaction mixture was poured into 
crushed ice (150 g).  The precipitates obtained were filtered and dried

[16-17] 
. 
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Figure 1: Chemical reaction that leads to formation of coumarins 

Table 1: Various substitutions on coumarin nucleus (3a-c) 

Compounds X1 X2 X3 

A NO2 H H 

B CH3  H H 

C H NO2 H 
 

 Identification and characterization of compounds synthesized was carried by melting point, solubility, 

thin layer chromatograpy, 
1
H-Nuclear Magnetic Resonance Spectroscopy. 

Dosing protocol 

 Animals were divided into eight groups with five animals in each group.  Group I was taken as control 
group and it was treated with polyethylene glycol and distilled water solution. Group II was taken as standard 

group and dose 2mg/kg was given. Animals of group III receives the low dose of compound 4-Methyl-7-nitro-

2H-chromene-2-one (3a) and dose was 38.42mg/kg. High dose 76.84mg/kg of same compound was given to 
group IV. Compound 4,7-Dimethyl-2H-chromene-2-one (3b) was injected to group V and group VI with the 

low (49.4mg/kg) and high dose (98.8mg/kg) respectively. Similarly, groups VII and group VIII were treated 

with low dose (38.42mg/kg) and high dose (76.84mg/kg) of compound 4-Methyl-6-nitro-2H-chromene-2-one 
(3c). Allthe compounds were dissolved in polyethylene glycol and distilled water solution.  Dose of compounds 

were given according to the weight of the animal.  

Methods 

A) Elevated plus maze 

The plus maze apparatus consisting of two open arms (16 x 5 cm) and two closed arms (16 x 5 x 12 cm) 

having an open roof with a plus maze elevated (25 cm) from the floor was used to observe anxiolytic behavior 

of animals. Standard drug and test drug was administered by intraperitoneal route to the animals. The dose 
administration schedule was so adjusted that each mice was having its turn on plus maze after 30 min of 

administration of dose. Each animal was placed in the centre of the elevated plus maze with its head facing the 

open arms
[18]

. 

During this 5 min experiment, behavior of the mice was recorded as a) preference of the animal for its 

first entry to open/closed arm b) no. of entries into the open/closed arm c) average time spent by the animal in 

each arm. During the entire experiment, each animal was allowed to socialize. Every precaution was taken to 
ensure that no external stimuli evoked the animal 

[19-20]
. 

B) Open field 

The open field apparatus was constructed of black plywood and measured 38 x 38 cm with 36 cm walls. 

Mice were carried to the test room in their home cages and were handled by the base of their tails at all times
[21]

. 
Then, dose was given to animal according to their body weigh. 30 minsafter administration of test or standard 

drug animal was placed in centre of open field and allowed to explore the apparatus for 5 minutes. After the 5 

minute test, mice were returned in their home cages and the open field was cleaned with 70 % ethyl alcohol and 

permitted to dry.  During the 5 min experiment behavior of mice was recorded as (a) time spent in centre and 
periphery (b) number of square cross (c)  number of rearings

[22-23]
.  
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Statistical Analysis 

All the results were expressed as mean± standard error mean (SEM). The data of experimental results 

was statistically analyzed by oneway ANOVA followed by Tukey's multiple comparison post hoc tests
[24]

. The 

groups treated with test drug were compared with the respective control (vehicle) group; p<0.05 was considered 

statistically significant. 

Results  

Present study was conducted to evaluate the potential of 4-Methyl-2H-chromen-2-one and its 

substituted derivatives as anxiolytic through behavioral assay systems i.e. elevated plus maze and open field 

test. The elevated plus maze, open field was considered to be a valid animal models of anxiety because these 

models uses natural stimulus that is the fear of a new, brightly light open space and the fear of balancing on a 
relatively narrow raised platform

[25]
.  

Identification of the synthetic coumarin derivatives was done by 
1
H-Nuclear Magnetic Resonance 

Spectroscopy. 
1
H-NMR for test compound 4-Methyl-7-nitro-2H-chromene-2-one was (400MHz, Chloroform-

d6) (ppm): 6.23 (s, C-3, 1H), 2.40 (s, C-4, 3Hs), 8.23-8.10 (m, C-5, 6, 8, 3Hs), for 4,7 -Dimethyl-2H-chromene-

2-one was (400MHz, Chloroform-d6) (ppm): 6.23 (s, C-3, 1H), 2.40 (s, C4, 3Hs), 8.13-7.70 (m, C-5, 6, 8, 3Hs), 

2.28 (s, CH3 at C7, 3Hs) and for 4-Methyl-6-nitro-2H-chromene-2-one was (400MHz, Chloroform-d6) (ppm): 
6.27 (s, C-3, 1H), 2.43 (s, CH3 at C4, 3Hs), 8.63-8.15 (m, C-5, 7, 8, 3Hs). 

In elevated plus maze, high doses of synthesized compounds 4-Methyl-7-nitro-2H-chromene-2-one (3a) 

(76.84mg/kg), 4,7 -Dimethyl-2H-chromene-2-one (3b) (98.8mg/kg), 4-Methyl-6-nitro-2H-chromene-2-one (3c) 
(76.84mg/kg) induced significant increase in both the number of entries and time spent in open arms in a dose 

dependent manner compared to vehicle control thereby proving its antianxiety effect. Whereas, low doses of 

synthesized compounds 4-Methyl-7-nitro-2H-chromene-2-one (3a) (38.42mg/kg), 4, 7 -Dimethyl-2H-
chromene-2-one (3b) (49.4mg/kg), 4-Methyl-6-nitro-2H-chromene-2-one (3c) (38.42mg/kg) show moderate 

antianxiety effect. 

Table 2: Number of entries and time spent in open arm on elevated plus maze 

Group Treatment Dose No.of entries in 

open 

arm 

Time spend in open  

arm(sec) 

Group I  Vehicle control   _____ 3±0.63 30±1.14 

Group II Standard-

Diazepam 

2mg/kg 11±0.63*** 85±1.00*** 

Group III  3a (L)  38.42mg/kg 6±0.63* 36±0.94* 

Group IV 3a (H)  76.84mg/kg 9±0.40*** 50±0.84*** 

Group V 3b (L)  49.4mg/kg 7±0.44** 37±1.09** 

Group VI 3b (H)  98.8mg/kg 10±0.54*** 65±0..94*** 

Group 

VII 

3c (L)  38.42mg/kg 7±0.44* 35±1.41* 

Group 
VIII  

3c (H)  76.84mg/kg 8±1.04*** 49±1.22*** 
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Fig. 2: Number of entries in open arm are expressed as mean ± SEM (n=5); *** P<0.001, ** P<0.01, 

*p<0.05 as compared to control. 
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Fig. 3: Time spent in open arm is expressed as mean ± SEM (n=5); *** P<0.001, ** P<0.01, *p<0.05 as 

compared to control. 

In open field test, high doses of synthesized compounds 4-Methyl-7-nitro-2H-chromene-2-one (3a) 
(76.84mg/kg), 4,7 -Dimethyl-2H-chromene-2-one (3b) (98.8mg/kg), 4-Methyl-6-nitro-2H-chromene-2-one (3c) 

(76.84mg/kg) induced significant increase in both the number of square crossed and numbers of rearing in a 

dose dependent manner compared to vehicle control thereby proving its antianxiety effect.Whereas, low doses 

of synthesized compounds 4-Methyl-7-nitro-2H-chromene-2-one (3a) (38.42mg/kg), 4, 7 -Dimethyl-2H-
chromene-2-one (3b) (49.4mg/kg), 4-Methyl-6-nitro-2H-chromene-2-one (3c) (38.42mg/kg) show moderate 

antianxiety effect. 
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Table 3: Number of square crossed and rearing in open field 

Group Treatment Dose No. of square 

cross 

No. of rearing 

Group I  Vehicle control        ______ 50±0.54 10±0.94 

Group II Standard -Diazepam 2mg/kg 83±0.83*** 25±1.81*** 

Group III  3a (L)  38.42mg/kg 53±0.44* 16±1.30* 

Group IV 3a (H)  76.84mg/kg 65±0.89*** 21±1.019*** 

Group V 3b (L)  49.4mg/kg 54±0.63** 17±1.22** 

Group VI 3b (H)  98.8mg/kg 76±0.70*** 22±1.09*** 

Group VII 3c (L)  38.42mg/kg 53±0.44* 12±1.22* 

Group VIII  3c (H)  76.84mg/kg 60±0.31*** 19±1.14*** 
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Fig. 4:Number of square crossed are expressed as mean ± SEM (n=5); *** P<0.001, ** P<0.01, *p<0.05 as 

compared to control. 
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Fig. 5: Number of rearings are expressed as mean ± SEM (n=5); *** P<0.001, ** P<0.01, *p<0.05 as 

compared to control. 
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Discussion 

Previous studies suggest that coumarin and their derivatives are potent inhibitors of the enzyme 

monoamine oxidase. There are investigations indicating that the modulation of monoamine oxidase (MAO) 

inhibitors modulate monoamine levels in the brain (dopamine, serotonin, and norepinephrine) and provoke 
behavioral modifications in mice thus, exerting an anxiolytic effect.  Another study reported that there is 

binding of coumarin derivatives with the BZD site of the GABAAreceptors. They are ligands for 

benzodiazepines binding sites on GABAA receptors which are thought to potentiate GABAA receptors and 
increase opening of chloride ion channel thus responsible for hyperpolarization. All these findings advocate that 

the mechanism underlying the anxiolytic activity of the coumarin and its derivatives may occur through the 

inhibition of MAO-A, increase in the GABAnergic action and increase in serotonin level respectively and 

phenolic compounds act as a ligand for receptors exerting anxiolytic and slight sedative effects
[26-27]

. 

Thus, it can be concluded that 4-Methyl-2H-chromen-2-one and its substituted derivatives has potential 

antianxiety effect which may be due to inhibition of monoamine oxidase enzyme or may be due to binding with 
GABAA receptor

[28]
.  However, further studies are needed to explore the exact mechanism of action of these 

synthesized compounds. 

Conclusion 

From our research studies, it can be concluded that high doses of 4-Methyl-2H-chromen-2-one and its 

substituted derivatives possess potent anxiolytic activity. However, moderate effect was observed for low dose 
of the synthetic compounds. Further studies can be conducted to explore an exact mechanism of action of these 

synthesized compounds. 
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