
 

 

Research Article 

EFFECT OF A NOVEL 5-HT3 RECEPTOR ANTAGONIST 3-METHOXY-N-P-TOLYLQUINOXALIN-2-
CARBOXAMIDE (QCM-4) ON THE ACUTE AND CHRONIC RODENT MODELS OF DEPRESSION 

 

YESHWANT VIJAY KURHE1*, MAHESH RADHAKRISHNAN1, DEEPALI GUPTA1, DEVODOSS THANGARAJ1 

1Department of Pharmacy, Birla Institute of Technology and Science, Pilani, Rajasthan 333031, India. Email: yashkurhe@gmail.com 

Received: 12 Jun 2013, Revised and Accepted: 05 Jul 2013 

ABSTRACT 

Objective: 5-HT3 receptor the only type of ion channel among the family of serotonergic receptors which is recognized as a potential novel 
therapeutic target for depression, anxiety and cognition. In the present work was designed to evaluate the antidepressant-like effect of a novel 5-
HT3 antagonist 3-methoxy-N-p-tolylquinoxalin-2-carboxamide (QCM-4) in a battery of behavioral acute and chronic rodent models of depression. 

Methods: Behavioral models with high predictive validities like forced swim test (FST) and tail suspension test (TST) in mice along with mechanistic 
models including 5-hydroxytryptamine (5-HTP) induced head twich response in mice and reserpine induced hypothermia in rats were used for 
screening QCM-4. Chronic surgical model of olfactory balbectomy (OBX) was performed and further evaluated by sucrose preference test and open 
field test (OFT) for anti-depressant like effect of QCM-4. 

Results: Following were the principle findings in the present research; Firstly, QCM-4 dose dependently reduced the immobility duration in FST and 
TST. Secondly, in the mechanistic models, QCM-4 dose dependently potentiated 5-HTP induced head twich response and attenuated the reserpine 
induced hypothermia. Lastely, in the surgical OBX model, QCM-4 reversed the anhedonia and behavioral alterations in animals which was evaluated 
by increase in the sucrose consumption and reduction in ambulation, fecal contents as well as number of rearings in OFT by QCM-4 treated OBX 
animals compared to OBX control. 

Conclusion: The results of the present study, indicates that QCM-4, a novel 5-HT3 receptor antagonist exhibit an anti-depressant like effect. Our 
further studied will be focused on the chronic unpredictable mild stress induced alterations and molecular mechanism involved in the anti-
depressant like action of QCM-4. 
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INTRODUCTION 

Depression is one of the most common psychiatric disorders that 
affect around 20% of the world population is recognized as a serious 
public health problem throughout the world [1,2] and according to 
World Health Organisation (WHO) it is one of the top 10 cause of 
morbidity and mortality. Even after vast research in this field, the 
therapeutic remedy remains unsatisfactory [3]. This is because the 
only 65% of the depressive patient responds to the current anti-
depressant therapeutics [4] and to achieve clinical benefit it takes 
several weeks which could be a reason to worry as depression tends 
to increase the risk of suicide in advanced stage [5]. Hence, to 
undertake the research in the area of depression with new targets 
having quick onset of action is an immense need in the field of 
neuro-psychopharmacology. 

The currently available anti-depressant agents produce their effect 
by alterations in the monoamine system [6,7]. Serotonin plays an 
important role in the pathogenesis of the affective disorders [8]. 
Serotonin as a neurotransmitter acts through different receptors (5-
HT1-7) which are metabotropic class of receptors except 5-HT3 which 
belongs to an inotropic receptor family [9]. 5-HT3 antagonists are 
presently used in the management of chemotherapy associated 
nausea and vomiting [10]. In the last decade, 5-HT3 antagonist have 
been extensively evaluated for the neuro-psychopharmacological 
potentials in various pre-clinical and some clinical studies [11]. 
Literature survey reveals some pre-clinical studies showing the links 
between 5-HT3 receptor and depression. Earlier it is reported that 5-
HT3 receptor antagonists reverse the escape deficits in rat learned 
helplessness, one of the screening methods for anti-depressants 
[12]. 5-HT3 receptor antagonists have been reported for anti-
depressant like effect and it also potentiates the anti-depressant 
activity of selective serotonin reuptake inhibitors (SSRIs) [13,14]. 
SSRIs a class of antidepressant agents acts as a functional antagonist 
of 5-HT3 receptors for their anti-depressant effect [15-17]. 
Ondansetron have been reported for reducing the fatigue clinically 
which is one of the possible sign of depression [18]. 

Based on the structures of available anti-depressants, carboxamide 
derivatives are found to be most potent anti-depressants. One of the 
carboxamide derivative 7-chloro-5, 11-dihydrodibenz 
[b,e][1,4]oxazepine-5-carboxamide has been found to be a potential 
tricyclic anti-depressant agents [19]. Also, N-substituted imidazole-
5-carboxamides [20] and benzo [b] thiophene carboxamides 
connected to 4-aryl piperazines through a benzylic spacer [21] have 
been reported for potential anti-depressant activity.  

Hence, on the basis of evidence provided by the above literature and 
from a series of structurally novel compounds 3-methoxy-N-p-
tolylquinoxalin-2-carboxamide (QCM-4) was selected for its anti-
depressant potential on the basis of its 5-HT3 antagonist potential 
performed on guinea pig ileum against 2-methyl 5-
hydroxytryptamine (5-HT agonist). QCM-4 showed a high log P 
value (2.84) and pA2 value (7.3) which is slightly higher than 
ondansetron (6.9). The present work was designed to investigate the 
anti-depressant like activity of a novel carboxamide derivative QCM-
4 using high predictive and validated models of depression including 
FST, TST, 5-HTP induced head twitch response in mice, reserpine 
induced hypothermia and OBX in rats.  

MATERIALS AND METHODS 

Animals 

Male Swiss albino mice (20-25 g) and Wistar rats (170-200 g) were 
procured from Hisar Agricultural University, Hisar, India (Reg. No. 
417/01/a/ CPCSEA). The animals were housed under standard 
laboratory conditions and maintained on natural light and dark cycle 
and had free access to food and water. Animals were acclimatized to 
laboratory conditions before the experiment. Each group consisted 
of 6 animals. All the experiments were carried out between 0900 
and 1500h. The experimental protocols were approved by 
Institutional Animal Ethics Committee (IAEC) of Birla Institute of 
Technology and Science, Pilani, India (Protocol No. 
IAEC/RES/16/06). 
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Drugs and chemicals 

QCM-4 was synthesized by medicinal chemistry group of the 
Institute. Escitalopram (EST), Bupropion (BUP) was procured from 
Ranbaxy Research Laboratory (India) as a generous gift samples. 
Vehicle used for formulation was distilled water. The test compound 
QCM-4 as well as standards EST and BUP were prepared freshly in 
distilled water on the day of experiment and injected in intra-
peritoneal cavity (i.p.) at a dose volume of 10 ml/kg for mice and 2 
ml/kg for rats.  

Chemistry of QCM-4 

 

Fig.1: Structure of QCM-4 

The compound QCM-4 (fig.1) was synthesized from condensation of 
the starting material o-phenylenediamine (1) with diethyl 

ketomalonate afforded the ethyl 3, 4-dihydro-3-oxoquinoxalin-2-
carboxylate (2), which on treatment with phosphorous oxychloride 
in presence of catalytic amount of dimethylformamide provided the 
chloro ester compound (3). The chloro ester compound (3) on 
hydrolysis using sodium carbonate gave sodium salt of carboxylic 
acid, which on acidification yielded the 3-chloroquinoxalin-2-
carboxylic acid (4).  

The key intermediate, 3-methoxyquinoxalin-2-carboxylic acid (5) 
was synthesized from the intermediate 3-chloroquinoxalin-2-
carboxylic acid (4) by nucleophilic displacement with excess amount 
of sodium methoxide by irradiation with microwaves (fig.2). The 
target 3-methoxy-N-p-tolylquinoxalin-2-carboxamide (QCM-4) was 
synthesized by coupling the 3-methoxyquinoxalin-2-carboxylic acid 
with p-toluidine in the presence of coupling agents EDC·HCl and 
HOBt under inert atmosphere, (nitrogen gas). 

Yield: 80%; mp: 124-126 °C; FT-IR (KBr, cm-1): 3305 (sharp N-H 
str.), 3039, 3005, 2916, 2860 (C-H str.), 1666 (C=O str.), 1598, 1514 
(C=C, C=N ring str.), 1442 (CH2 bend), 1242, 1220, 1128, 1089 (C-O 
str.); 1H NMR (400 MHz, CDCl3) δ 9.63 (s, 1H, amide), 8.07 (d, 1H, 
quinoxaline), 7.89 (d, 1H, quinoxaline), 7.79–7.75 (m, 1H, 
quinoxaline), 7.69 (d, 2H, phenyl), 7.65–7.61 (m, 1H, quinoxaline), 
7.19 (d, 2H, phenyl), 4.23 (s, 3H, OCH3), 2.35 (s, 3H, CH3).  
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Fig. 2: Synthetic Scheme of QCM-4 [Reagents and conditions: (a) Diethyl ketomalonate, ethanol, reflux, 6 h, 60%; (b) POCl3, DMF, reflux, 30 
min 80%; (c) Na2CO3, reflux, 6 h (d) dil. HCl, 94%; (e) NaOCH3, Methanol, MWI (420 Watt), 6 min, dil. HCl, 85%; (f) EDC·HCl, HOBt, THF, N2, 

0°C–rt, 1h; (g) toludine, rt, 6h, 80%] 

 

Behavioral assay 

Measurement of locomotor activity 

The locomotor activity score was measured to rule out the 
interference of change in locomotor score in the parameters of 
depression. The locomotor activity was recorded using 
actophotometer  

(INCO, India) consisting a test period of 10 min which includes initial 
2 min of acclimatization followed by recording of locomotor score 
for 8 min. Mice were injected with QCM-4 (0.25, 0.5, 1, 2 and 4 
mg/kg i.p.) 30 min before measuring locomotor score [22]. 

Forced swim test (FST) 

The animals were individually forced to swim in a 25×12×25-cm (L 
× B × H) filled with water (23±2°C) up to a height of 15 cm. Animals 
were trained for swimming 24 hrs before commencement of test for 
15 min. After the initial 2 min of vigorous activity, the animals were 
observed for immobility for next 4 min, 30 min post treatment of 

QCM-4 (0.5, 1 and 2 mg/kg i.p.) or EST (10 mg/kg i.p.) or vehicle (10 
ml/kg i.p.). An animal is considered to be immobile whenever it 
remained floating passively in the water in a slightly hunched but 
upright position, with nose above the water surface [23,24]. 

Tail suspension test (TST) 

Mice were individually suspended by the tail from a horizontal bar 
by a distance of 50 cm from floor using an adhesive tape (distance 
from tip of the tail = 2 cm). In a 6 min of test session the duration for 
which animal remains immobile was recorded. The mice were 
injected with QCM-4 (0.5, 1 and 2 mg/kg i.p.) or BUP (20 mg/kg i.p.) 
or vehicle (10 ml/kg i.p.) 30 min prior to reading. An animal is 
considered immobile when it remained passive, completely 
motionless and did not exhibit any body movement [25,26]. 

5-HTP induced head twitch response 

The method mentioned elsewhere [27] was adopted with slight 
modifications [28]. Briefly, the mice were administered with a 
monoamine oxidase inhibitor, pargyline (75 mg/kg i.p.) 30 min prior 
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to 5-HTP (5 mg/kg i.p.) injection. QCM-4 (1 and 2 mg/kg i.p.) or EST 
(10 mg/kg i.p.) or vehicle (10 ml/kg i.p.) was injected 15 minutes 
prior to 5-HTP injection. Fifteen minutes after 5-HTP administration, 
the number of head twitches exhibited by the mice during the next 
30 min was recorded as head twitch score. 

Reserpine induced hypothermia (RIH) 

RIH was performed in rats with slight modifications [28] from the 
originally described method by Costa E et al., 1960 [29]. After 30 
min of treatment with QCM-4 (1 and 2 mg/kg i.p.) or EST (10 mg/kg 
i.p.) or vehicle (10 ml/kg i.p.) the rats were injected with reserpine 
(1 mg/kg i.p.). The animals were gently hand-restrained, while 
inserting the probe rectally. The effect of QCM-4 on reserpine 
induced hypothermia was recorded using digital thermometer by 
measuring rectal temperature at 0, 30, 60, 90 and 120 min following 
reserpine administration. Hypothermia was measured by calculating 
temperature difference between 0 and 120th min. 

Olfactory bulbectomy surgery (OBX) 

The rats were bulbectomized at the age of 7-8 weeks. Bilateral 
olfactory bulbectomy was performed according to the previously 
described method [30-32]. Briefly, rats were anaesthetized with the 
cocktail of xylazine and ketamine (5 and 75 mg/kg i.p. respectively). 
The animals were fixed in a stereotactic frame (INCO, India), and the 
skull was exposed by a midline incision. The burr holes (2 mm in 
diameter) were drilled 8 mm anterior to bregma and 2 mm on either 
side of the midline at a point corresponding to the posterior margin 
of the orbit of an eye. The olfactory bulbs were removed by suction, 
the holes were then filled with haemostatic sponge to control 
excessive bleeding and the scalp was sutured. Sham-operated rats 
were subjected to the same surgical procedure, including piercing of 
the dura mater, but their bulbs were left intact. Following a 
rehabilitation period of 14 days, olfactory bulbectomized /sham 
operated rats were treated orally with QCM-4 (1 and 2 mg/kg) or 
EST (10 mg/kg) or the vehicle (2 ml/kg) once daily between 09:00-
11.00 a.m. for 14 days from 15th onwards. 

Sucrose preference test 

Sucrose preference test was carried for OBX /sham operated rats 
after 14 days of post surgery treatment with QCM-4 or EST or 
vehicle. The test was performed as described previously [33,34] 
with minor modifications. Briefly, before the test, mice were trained 

to adapt to sucrose solution (1%, w/v): two bottles of sucrose 
solution were placed in each cage for 24 h and then one bottle of 
sucrose solution was replaced with water for 24 h. After the 
adaptation, mice were deprived of water and food for 24 h. Sucrose 
preference test was conducted at 9:30 a.m. in which mice were 
housed in individual cages and were free to access to two bottles 
containing 100 ml of sucrose solution (1% w/v) and 100 ml of 
water, respectively. After 24 h, the volumes of consumed sucrose 
solution and water were recorded and the sucrose preference was 
calculated by the following formula as described in following 
equation. 

 

Modified open field test (OFT) 

The OBX / sham operated rats were subjected to an open field test 
after sucrose preference test according to the method reported 
earlier [13, 35-37]. The apparatus consisted of a circular (diameter: 
90 cm) arena with 75 cm high aluminum walls and floor equally 
divided into 10 cm squares. A 60 W light bulb was positioned 90 cm 
above the base of the arena, which was the only source of 
illumination in the testing room. On the day of experiment, each 
animal was individually placed in the center of the open field 
apparatus and the ambulation scores (number of squares crossed), 
rearing and fecal pellets were counted for 5 min. 

Statistical analysis 

One specific group of animal was assigned to one specific drug 
treatment condition and each group comprised of six (n=6) animals. 
All the values are expressed as mean ± S.E.M. The data were 
analyzed by one-way ANOVA followed by Dunnett's test using 
GraphPad InStat 3. P<0.05 was considered as statistically significant. 

RESULTS 

Effect of QCM-4 on locomotor activity 

The locomotor activity was assessed by using the actophotometer. 
Except at 4 mg/kg there was no significant change observed in the 
locomotor activity of mice compared to vehicle control group (Fig.3). 
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Fig. 3: Effect of QCM-4 on the locomotor activity score in mice. All the values are expressed as mean ± S.E.M., *P<0.05 as compared with 
vehicle control group to QCM-4 treated group. n = 6/group. 
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Effect of QCM-4 on immobility time in forced swim test (FST) 

Acute administration of QCM-4 (0.5, 1 and 2 mg/kg i.p.) significantly 
reduced the immobility time as compared to vehicle control mice. 
However, no significant effect was observed at 0.25 mg/kg dose of 
QCM-4 (Fig.4). 

Effect of QCM-4 on immobility time in tail suspension test (TST) 

Acute administration of QCM-4 (0.5, 1 and 2 mg/kg i.p.) significantly 
reduced the immobility time as compared to vehicle control mice. 
However, no significant effect was observed at 0.25 mg/kg dose of 
QCM-4 (Fig.5). 

Effect of QCM-4 on 5-HTP induced head twitches in mice 

The administration of pargyline (75 mg/kg i.p.) and 5-HTP (5 mg/kg 
i.p.) induced the characteristic of head twitch response. QCM-4 (1 

and 2 mg/kg i.p.) significantly potentiated the head twitch response 
as compared to vehicle control group (pargyline + 5-HTP ) (Fig. 6). 

Effect of QCM-4 on reserpine induced hypothermia in rats (RIH) 

Administration of reserpine (1 mg/kg i.p.) elicited a pronounced 
decrease in core body temperature of rats of vehicle control group. This 
effect was significantly attenuated by QCM-4 (1 and 2 mg/kg i.p.) (Fig.7). 

Effect of QCM-4 on sucrose preference test 

14 days post surgery, significantly reduced the percentage of sucrose 
consumption in the OBX control as compared to Sham control animals. 
While treatment with QCM-4 (1 and 2 mg/kg p.o.) significantly 
increased the percentage of sucrose preference in OBX animals as 
compared to the OBX control animals. Sham treated animals with 
QCM-4 (1 and 2 mg/kg p.o.) did not exhibit significant change in 
sucrose preference as compared to sham control animals (Fig.8). 
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Fig. 4: Effect of QCM-4 on the immobility time in FST in mice. All the values are expressed as mean ± S.E.M., **P<0.01 as compared with 
vehicle control group to QCM-4 treated group. n = 6/group. 
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Fig. 5: Effect of QCM-4 on the immobility time in TST in mice. All the values are expressed as mean ± S.E.M., **P<0.01 as compared with 
vehicle control group to QCM-4 treated group. n = 6/group. 
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Fig. 6: Effect of QCM-4 treatment on the 5-HTP induced head twitches in mice. All the values are expressed as mean ± S.E.M., **P<0.01 as 
compared with vehicle control group to QCM-4 treated group. n = 6/group. 
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Fig. 7: Effect of QCM-4 on reserpine induced hypothermia in rats. All the values are expressed as mean ± S.E.M., **P<0.01 as compared 
with vehicle control group to QCM-4 treated group. n = 6/group. 
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Fig. 8: Effect of QCM-4 on sucrose preference test in olfactory balbectomy induced depression in rats. All the values are expressed as mean 
± S.E.M., #P<0.01 as compared with sham control group to OBX control group, **P<0.01 as compared with OBX control group to QCM-4 

treated OBX animals, n = 6/group. 
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Effect of QCM-4 on modified Open field test (OFT) 

The effects of QCM-4 treatment for 14 days of post surgery on the 
behavior of OBX /Sham operated rats were analyzed in the modified 
open field paradigm. Removal of the olfactory bulbs produced a 
characteristic hyperactivity in the OBX rats when compared to Sham 

rats in the modified open field test. Treatment with QCM-4 (1 and 2 
mg/kg p.o.) significantly reduced the ambulation, rearing and fecal 
pellets (Table 1) in OBX rats as compared to the vehicle control OBX 
rats. Sham treated animals with QCM-4 (1 and 2 mg/kg p.o.) did not 
exhibit any significant changes in behavioral parameters as 
compared to Sham control animals. 

 

Table 1: Effect of QCM-4 on open field test (OFT) in olfactory balbectomy induced depression in rats. 

Groups No. of ambulation No. of fecal pellets No. of rearings 
Sham Control 98.33 ± 2.89  2.50 ± 0.43  12.67 ± 0.76  
Sham + QCM 4 (1 mg/kg p.o.) 100.83 ± 2.61  2.33 ± 0.49  9.83 ± 0.48  
Sham + QCM 4 (2 mg/kg p.o.)  107.00 ± 4.72  2.00 ± 0.26  8.67 ± 0.76  
Sham + EST (10 mg/kg p.o.) 109.83 ± 4.56  1.83 ± 0.31  8.33 ± 0.67  
OBX Control 227.83 ± 3.86# 6.50 ± 0.43# 35.50 ± 2.51# 
OBX + QCM-4 (1 mg/kg p.o.) 156.33 ± 4.08 ** 3.83 ± 0.48 ** 26.67 ± 1.82 ** 
OBX + QCM-4 (2 mg/kg p.o.) 125.00 ± 3.06 ** 3.17 ± 0.48 ** 17.17 ± 1.58 ** 
OBX + EST (10 mg/kg p.o.) 113.50 ± 3.39 ** 2.83 ± 0.48 ** 15.50 ± 1.73 ** 

All the values are expressed as mean ± S.E.M., #P<0.01 as compared with sham control group to OBX control group, **P<0.01 as compared with OBX 
control group to QCM-4 treated OBX animals, n = 6/group. 
 

DISSCUSSION 

Depression is a significant contributor to the global burden of 
disease and affects people in all communities across the world. 
Presently, depression is estimated to affect 350 million people 
worldwide. Hence, to addresses such serious concerned of public 
health and burden of society it is time to come up with new 
therapeutics with quick onset of action and fewer side effects than 
existing class of treatment. Hence, moving our research in the field 
of depression, the present attempt deals with a novel 5-HT3 
antagonist QCM-4 as a potential approach against depression. 

In order to eliminate the effect of QCM-4 on basal locomotor activity 
of mice, a dose dependent response was measured by using 
actophotometer as immobility is the crucial parameter of depression 
in the pre-clinical models [38]. We found no significant change in 
locomotor score indicating no interference of QCM-4 with basal 
locomotor score. QCM-4 dose dependently reduced the immobility 
time in FST and TST models of depression having high predictive 
validity [39,40]. FST and TST both models suggests a link between 
the action of monoamines and depression [41,42].  

Furthermore, serotonergic system is considered to be one of the 
most important monoamine involved in depression. To revel this we 
dealed with a mechanistic model of depression which includes 5-
HTP induced head twitches and reserpine induced hypothermia. 5-
HTP induced head twitches was potentiated significantly by QCM-4 
showing the mechanism pathway through increasing the synaptic 
levels of serotonin against depression [24]. Reserpine blocks the 
transport of monoamines into the synaptic vesicles by depleting 
monoamines. Depletion of serotonergic transmission in brain is 
characterized by reduced temperature and ptosis [43]. 
Antidepressants antagonize the property of reserpine to reduce the 
temperature against depression [43]. QCM-4 significantly blocked 
the hypothermic effect of reserpine and showed antidepressant like 
action. 

Sucrose preference is regarded as one of the key symptom of 
depression leading to anhedonia indicating loss of interest or 
pleasure [44,45]. Though the exact mechanism for this is not clear, it 
is thought to be because of damage to serotonergic and 
dopaminergic systems leading to depression like symptom of 
inability to experience the pleasure or happiness [44,46]. The 
reduction in sucrose consumption in OBX animals was reversed by 
QCM-4 showing anti-depressant activity.  

OBX model is one of most reliable model for assaying antidepressant 
property of a new chemical entity as it is mostly based on lowering 
the levels of serotonin [47,48]. OBX animals develop a specific 
abnormal features characterized by increase in ambulation, rearing 
and fecal contents in OFT [32,36] and potential antidepressant have 
ability to reverse this hyperactive behavior in OBX model [37]. QCM-

4 reversed the hyperactive behavior in OBX animals by reducing the 
ambulation, rearing and fecal content in OFT model. 

The present neuro-behavioral investigation suggests an anti-
depressant like activity of a novel 5-HT3 receptor antagonist QCM-4 
in rodent models of depression. The mechanism for anti-depressant 
like effect is not exactly clear. Insights from the mechanistic models 
targeting serotonergic system particularly, including antagonism of 
5-HTP induced head twitches in mice and reserpine induced 
hypothermia in rats predicts that QCM-4 acts by elevating the 
serotonergic neurotransmission for anti-depressant like effect [49]. 
An increased availability of serotonin to act through other 
serotonergic receptors mainly 5-HT1 and 5-HT2 through blockage of 
the post synaptic 5-HT3 receptor could possibly explain the anti-
depressant like activity of QCM-4 [49,50].  

CONCLUSION 

From the results obtained in the present study we say that the novel 
5-HT3 receptor antagonist QCM-4 has potential anti-depressant like 
effect which reversed the behavioral alterations in the acute and 
chronic pre-clinical model of depression. Hence, QCM-4 could be a 
potential therapeutic candidate for depression. Our further studies 
will be focused on the role of QCM-4 in chronic stress induced 
behavioral and biochemical alterations in rodent and on the 
molecular mechanisms of QCM-4 for the anti-depressant like effect. 
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