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ABSTRACT: In the present study a series of substituted pyrazolines (3a-f) has been synthesized by reacting 
chalcones (2a-f) and semicarbazide (1) in methanol medium. All the title compounds were assessed for their in-vivo 
anti-depressant activity by tail suspension test (TST) and forced swimming test (FST) methods. Compound 3a was 
found to exhibit moderate antidepressant activity in comparison to standard Imipramine. Newly synthesized 
compounds were characterized by mass (MS), 1H-NMR and infrared (IR) spectral analytical data. 
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INTRODUCTION  
 Nitrogen containing heterocyclic compounds are 
gaining lot of interest in the last decade because of 
their prominent and diverse pharmacological 
activities. The fascination towards the nitrogen 
containing heterocyclic compounds attributes due to 
their diversified biological activities.  Pyrazole ring 
has attracted much attention due to its presence in 
antipyrine. Basically, pyrazolines are the dihydro 
derivative of pyrazole. For so many years, 
pyrazolines have attracted the researchers due to their 
various biological and pharmacological activities.1 
Pyrazoline nucleus is present in so many currently 
available drugs like metamizole or dipyrone 
(analgesic and antipyretic), phenylbutazone (anti-
inflammatory) and sulfinpyrazone (chronic gout). 
Pyrazolines are reported to possess antimicrobial3, 
anticancer4, anti-inflammatory5, antimalarial6, 
antioxidant7, antifungal8, antidepressant9 activities. 
 Chalcones are used as one of the common 
intermediates in the synthesis of so many 
heterocyclic compounds. Chalcones are composed of 
highly reactive α,β-unsaturated keto functional group, 
which is responsible for so many bioactivities. The  
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key intermediate chalcones are prepared as per the 
well-known Claisen-Schmidt condensation reaction 
between aromatic aldehydes and ketones in an 
alcohol medium. Chalcones constitute an outstanding 
group of compounds and reported to possess 
antiviral10, antimicrobial11, antitubercular12, and anti-
inflammatory13 activities. 
 Based on the above biological and 
pharmacological profile exhibited by chalcones and 
pyrazolines and in the continuing process of our work 
on pyrazolines14-17, it was thought worthwhile to 
synthesize a new series of pyrazoline derivatives and 
evaluate their antidepressant activity. 
 
MATERIALS AND METHODS 
 IR spectra were recorded as KBr pellets in an 
Alpha Bruker IR spectrometer and the values are 
expressed in cm-1. Mass spectra were recorded on 
Perkin Elmar Clarus GC-MS spectrometer. 1H-NMR 
spectra were acquired by utilizing a 300 MHz Bruker 
Avance-II NMR spectrometer using DMSO as 
solvent and TMS as internal standard. Melting points 
have been determined by open capillary method and 
were uncorrected. The completion of the reactions 
was checked by TLC over silica G plates. UV lamp 
was used to visualize the spots on TLS plates. Ethyl 
acetate-acetone (9:1) was used as the mobile phase. 
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 General procedure for the synthesis of 
Pyrazoline derivatives (3a-f). A mixture of 
chalcones (2a-f) (0.01 mol), NaOH (0.02 mol) and 
semicarbazide (1) (0.0 1mol) was dissolved in 30 ml 
of methanol. The reaction mixture was refluxed for 

16-28 hrs and cooled to room temperature overnight. 
The solution was added to crushed ice with slow 
stirring and the compound was precipitated, filtered, 
dried and recrystallized from alcohol to give 
compounds (3a-f) (Table 1). 

 
Table 1. Physical data of pyrazoline derivatives (3a-f). 

 
Comp. 

 
          Ar-CHO Ar1-COCH3 M.P 

(0C) 
Yield 
 (%) 

3a 4-NO2 4-Cl 103-05      69 

3b 2-Cl 4-CH3 134-36 66 

3c 2-Cl             4-OH 183-85 60 

3d 4-Cl 4-OH 141-43 62 

3e 4-F 2,4-(Cl)2 163-65 61 

3f 4-Cl 4-NO2 171-73 66 

 
 5-(4-Chlorophenyl)-3-(4-nitrophenyl)-4, 5-dih-
ydro-1H-pyrazole-1-carboxamide (3a): IR (KBr) v 
(cm-1): 807 (Cl), 1521 (C=C), 1581 (C=N), 1647 
(C=O), 3084 (C-H), 3637 (NH); 1H-NMR (300 MHz, 
CDCl3):  3.51 (s, NH2, 2H), 6.54-6.56 (dd, 2H, HA, 

HB,, J= 6.0 Hz), 7.16-718 (dd, 1H,  HX, J= 6.0 Hz), 
7.20-8.18 (m, Ar-H, 8H). MS (m/z): 344.75(M+). 
 3-(4-Chlorophenyl)-5-p-tolyl-4, 5-dihydro-1H-
pyrazole-1-carboxamide (3b): IR (KBr) v (cm-1): 
830 (Cl), 1482 (C=C), 1599 (C=N), 1652 (C=O), 
3082 (C-H), 3143 (NH); 1H-NMR (300 MHz, 
CDCl3):  2.40 (s, CH3, 3H),   3.31 (s, NH2, 2H), 
7.27-7.32 (dd, 2H, HA, HB

, J= 15.0 Hz,), 7.37-7.39 
(dd, 1H,  HX, J= 6.0 Hz), 7.70-8.07 (m, Ar-H, 8H). 
MS (m/z): 313.78 (M+). 
 3-(4-Chlorophenyl)-5-(4-hydroxyphenyl)-4, 5-
dihydro-1H-pyrazole-1-carboxamide (3d): IR 
(KBr) v (cm-1): 813 (Cl), 1647 (C=C), 1581 (C=N), 
1656 (C=O), 2891 (C-H), 3748 (OH); 1H-NMR (300 
MHz, CDCl3):  3.31 (s, NH2, 2H),  6.81-6.85 (dd, 
2H, HA, HB, J= 12.0 Hz,), 7.13-7.15 (dd, 1H,  HX, J= 
6.0 Hz), 7.35-8.20 (m, Ar-H, 8H), 11.46 (s, OH, 1H), 
MS (m/z): 315.75 (M+). 
 5-(2,4-Dichlorophenyl)-3-(4-fluorophenyl)-4,5-
dihydro-1H-pyrazole-1-carboxamide (3e): IR 
(KBr) v (cm-1): 852 (Cl), 1494 (C=C), 1598 (C=N), 
1650 (C=O), 3058 (C-H), 3243 (NH); 1H-NMR (300 
MHz, CDCl3):  3.44-3.46 (dd, 1H, HA, J= 9.0 Hz), 

4.03-4.07 (dd, 1H, HB, J= 12.0 Hz), 6.80-6.82 (dd, 
1H,  HX, J= 6.0 Hz), 6.86 (s, NH2, 2H),  6.97-8.00 
(m, Ar-H, 7H). MS (m/z): 352.19 (M+). 
 Acute toxicity studies. Acute toxicity studies 
were conducted to determine the median lethal dose 
(LD50) of the newly synthesized compounds. It was 
conducted in adult female albino mice by "up and 
down method" (OECD guidelines 425). Different 
dose levels of the compounds were administered 
orally to different groups of mice consisting of an 
adequate number of animals. Following the 
administration, the animals were observed 
continuously for 2-3 hours for general behavioral, 
neurological, autonomic profiles and death for 24 
hours. The test allowed the observation of signs and 
symptoms of toxicity.18 Each group consisted of six 
animals. The animal experiments were conducted 
after the protocol was approved by the Institutional 
Animal Ethical Committee, Registration No.: 
NGSMIPS/IAEC/May-2017/55.  
 Forced swimming test (FST). Imipramine 10 
mg/kg was used as standard antidepressant drug. The 
test compounds (100 mg/kg) and standard drug were 
suspended in 1% aqueous solution of Tween 80 and 
administered (p.o.) to mice at a volume of 0.5 ml/ 
body weight. A control was also maintained. The 
mice were individually forced to swim in an open 
cylindrical container (25 cm height), 10 cm diameter 
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containing water to a height of 18 cm and observed 
for 6 min.  Treatment was given before one hour of 
the study. The animal showed initial vigorous 
struggling in the first 2 min. The immobility time was 
recorded during the last 4 min. Each group consisted 
of six animals. The percentage change from control 
was calculated by using the following formula19:  
% Change of immobility = [(test/control) ×100) - 100] 

 Tail suspension test (TST). The total duration 
of immobility by FST was measured accordingly as 
per the above procedure. Treatment was given before 
one hour of the study. After one hour, mice were 
suspended 50 cm above the floor with the help of 
adhesive tape and placed 1cm from the tip of the tail. 
Animals were allowed to hang for 6 min and the 
duration of immobility was recorded. A decrease in 
the immobility period indicates the antidepressant 
activity. Each group consists of six animals. The 
percentage change from control was calculated by 
using the following formula19: 

 

% Change of immobility = [(test/control) ×100) - 100] 
 

 Statistical analysis. Data were analyzed using 
Graphpad Prism 6 software. All the results were 
expressed as mean ± SEM. The data which was 
obtained from the pharmacological experiments were 
analyzed with one-way analysis of variance 
(ANOVA) followed by Tukey Kramer’s multiple 

comparison tests. A p-value of less than 0.05 was 
considered statistically significant. 
 
RESULTS AND DISCUSSION 
 A series of new pyrazoline derivatives were 
prepared by the reaction of semicarbazide and 
chalcones with methanol as the solvent in the 
presence of a base. The key intermediates chalcones 
(2a-f) were synthesized by the well-known Claisen-
Schmidt-condensation reaction. The synthetic route 
for the preparation of new compounds is depicted in 
Scheme-01. The stepwise procedures and reaction 
conditions are explicated in the experimental section. 
The synthesized compounds were yielded in good 
yields to inaugurate as new antidepressant agents, 
and were identified by the spectroscopic data. In-vivo 
antidepressant activity was carried out for all the new 
compounds. Imipramine was used as a standard drug 
for comparison purpose. The compounds were tested 
at 100 mg/kg body weight.  
 The 1H-NMR spectrum of compound 3d showed 
signals δ 6.81-6.92 and 7.13-7.15  corresponding to 
three protons of pyrazoline in HA, HB, HX pattern. 
The signals for aromatic protons were observed in the 
region δ 7.35-8.20. A broad singlet was observed for 
OH at δ 11.46. The IR spectrum of compound 3d 
showed  the   appearance of C=O  band  at  1652 cm-1 
  

 
Table-2. Antidepressant activity of pyrazoline derivatives by forced swimming test (FST) 
 

Compounda Duration of immobility (s) % Change in immobility 
3a 119.5±10.49*** -52.92 
3b 203.33±6.22 -19.89 
3c 175.16±22* -30.99 
3d 214.83±43.89 -15.36 
3e 231.83±27.63 -8.66 
3f 132.33±16.58** -47.86 
Control 253.83±26.02 ---- 
Imipramine 94±9.2 -62.96 

 
Values represent the mean ± S.E.M. (n= 6).  aCompounds and  imipramine were tested 
at 100 and 10 mg/kg dose level (ip), respectively. 
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Table 3. Antidepressant activity of pyrazolines derivatives by tail suspension test (TST). 
 

Compounda Duration of immobility (s) % Change in immobility 

3a 223.33±26.09* -33.3 

3b 248.33±11.3 -25.83 

3c 265.33±12.59 -20.75 

3d 223.33±24.2* -33.3 

3e 185.83±5.7** -44.49 

3f 233±13.08* -30.41 

Control 334.83±2.95 --- 

Imipramine 119±9.88 -64.45 
 
Values represent the mean ± S.E.M. (n= 6). aCompounds and  imipramine were tested at 100 and 10 mg/kg dose                                       
level (ip), respectively. 
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Figure 1. Antidepressant activity by tail suspension test (TST). 

 

Anti depressant activity by
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Figure 2. Antidepressant activity by forced swimming test (FST). 
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Scheme 1 

 

and the other bands at 3082 and 1599 cm-1 
corresponded to the C-H and C=N, respectively.  
Finally, the compound 3d showed a stable molecular 
ion peak at m/z = 315.75 (M+), which is in consistent 
with the molecular formula C16H14N3O2Cl. The mass 
spectrum of the pyrazoline derivative was in good 
agreement with their suggested structure. 
 FST and TST are the widely used common in-
vivo animal models to screen the antidepressant 
activity and in the present investigation these two 
models were employed to screen the antidepressant 
activity of the title compounds. These models are 
quite sensitive and relatively specific to MAO 
inhibitors and typical antidepressants. Antidepressant 
activity was determined as mean immobility time in 
seconds and data of the compounds is showed in 
table 2 and 3 (Figures 1 and 2). The reduction in the 

duration of immobility time when compared to the 
control was significantly showed by the tested 
compounds. 
 In-vivo anti-depressant activity was carried out 
using FST and TST methods. FST results revealed 
that the compounds 3a and 3f showed moderate 
activity when compared to the standard and also the 
compound 3e demonstrated moderate activity. In 
TST, the compound 3e showed moderate activity 
when compared with to the standard drug, 
imipramine. The other tested compounds 3d and 3f 
also exhibited moderate activity. In TST model, the 
mechanism of depressive stress was due to the 
inverted hanging posture of the animal, while in FST, 
it was due to forced swim, so both mechanisms are 
different and the tested compounds exhibited a 
difference in the immobility time.  
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CONCLUSIONS  
 In conclusion, a series of substituted pyrazolines 
were synthesized via the formation of chalcones and 
semicarbazide in methanol medium. The compounds 
which were evaluated for the antidepressant activity 
showed only moderate activity when compared to the 
standard imipramine. None of the tested compounds 
were found to show significant activity in both the 
models. The nature of substituents has a strong 
influence on the extent of antidepressant action. The 
presence of electron withdrawing groups on both 
sides of the phenyl ring may be responsible for the 
antidepressant activity. The synthesized novel 
pyrazoline derivatives might be helpful in the 
development of new antidepressant agents which 
requires further modifications in the structure of the 
compounds to get a better pharmacological profile. 
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