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Published: 08.09.2025 behavior in depression models in animals. To measure behavioral despair, male Wistar rats were
exposed to forced swim test (FST) and tail suspension test (TST). There were animals that were used
in vehicle, standard antidepressant (fluoxetine, 10 mg/kg), and the test serotonin receptor
modulators (5-HT 1A agonist, 5-HT 2A antagonist, and 5-HT 9 inverse agonist). The therapy was
undertaken over 14 consecutive days. There were behavioral parameters such as immobility,
swimming, and climbing times. The findings showed that all modulators had a significant effect on
the duration of immobility in reducing immobility in comparison with control (p < 0.05) and the 5-HT
1A agonist had the highest antidepressant-like effect similar to fluoxetine. The findings suggest that
modulation of specific serotonin receptor subtypes can effectively ameliorate depressive-like
symptoms, supporting their therapeutic potential as novel antidepressant agents.
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INTRODUCTION

Depression is a multifactorial neuropsychiatric disorder affecting millions of individuals globally, characterized by
persistent low mood, loss of interest in pleasurable activities (anhedonia), cognitive deficits, fatigue, and disturbances in
sleep and appetite. The disorder poses a substantial socioeconomic burden due to decreased productivity, impaired social
functioning, and increased risk of suicide. Although the etiology of depression is complex, encompassing genetic,
environmental, and psychological factors, alterations in monoaminergic neurotransmission particularly serotonergic
signalling are recognized as central contributors to the pathophysiology of depression [1].

Serotonin (5-hydroxytryptamine, 5-HT) regulates mood, cognition, sleep, and appetite through multiple receptor
subtypes in the brain. Among these, the 5-HT:A receptor is predominantly involved in anxiolytic and antidepressant
responses, 5-HT>A receptors modulate emotional processing and cortical excitability, and 5-HT- receptors influence
circadian rhythms and synaptic plasticity. Dysregulation of these receptors has been implicated in depressive disorders,
making them attractive targets for novel pharmacological interventions [2]. Unlike traditional antidepressants such as
selective serotonin reuptake inhibitors (SSRIs) that globally increase serotonin levels, receptor-specific modulators can
provide targeted effects, potentially offering faster onset, improved efficacy, and fewer adverse effects.

Experimental models of depression, particularly the forced swim test (FST) and tail suspension test (TST), are validated
paradigms for evaluating antidepressant-like activity. These models measure behavioral hopelessness, which is usually
expressed in immobility and this is mitigated by antidepressant compounds [3]. They make it possible to determine the
intensity and the appearance of drug action, which makes them appropriate to screen novel serotonergic modulators
(Figure 1).
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Figure 1: Serotonin Receptor Modulation in Depression Treatment
The current experiment aimed at determining the impact of selective serotonin receptor modulators on the depressive-like
behaviors in Wistar rats. Three receptor-targeted compounds were evaluated, 5-HT 1 A receptor agonist, 5-HT 2 A
receptor antagonist and 5-HT 9 receptor inverse agonist. Relative efficacy of the receptor-specific modulation was
determined by comparison of the behavioral effects with that of fluoxetine which is one of the standard SSRIs [4]. The
current study should inform the creation of receptor-targeted antidepressant interventions with faster acting mechanisms
by explaining how the various subtypes of serotonin receptors contribute to antidepressant action.

MATERIAL AND METHODS

Chemicals and Reagents

The standard antidepressant was fluoxetine hydrochloride. A 5-HT 1A receptor agonist, 5-HT 2A receptor antagonist and
5-HT 9 receptor inverse agonist, which were acquired through certified chemical suppliers, were used as test compounds.
Solvents and reagents were of analysis grade [5].

Experimental Animals

Wistar adult male (180220 g) were obtained and kept in the normal laboratory conditions (temperature 25+2°C, relative
humidity 5060, 12/12 hours light/dark cycle) with ad libitum food and water. The study protocol was approved by the
Institutional Animal Ethics Committee (IAEC) and followed CPCSEA guidelines [6].

Experimental Design

Rats were randomly divided into five groups (n = 6 each) [7]:

Group I: Normal control (vehicle, saline)

Group II: Standard (fluoxetine 10 mg/kg, i.p.)

Group III: 5-HT:A receptor agonist (5 mg/kg, i.p.)

Group IV: 5-HT:A receptor antagonist (5 mg/kg, i.p.)

Group V: 5-HT> receptor inverse agonist (5 mg/kg, i.p.)

Treatments were administered daily for 14 consecutive days prior to behavioral testing.

Behavioral Assessment

Behavioral despair was evaluated using two established models [8]:

e Forced Swim Test (FST): Rats were individually placed in a cylindrical container filled with water (25 + 1°C, height
30 cm) for 6 minutes. Immobility time (duration spent floating without struggling) was recorded during the last 4
minutes. Increased swimming or climbing activity was considered indicative of antidepressant-like behavior.

e Tail Suspension Test (TST): Rats were suspended by the tail using adhesive tape attached 1 cm from the tip.
Immobility time was recorded over a 6-minute period. Reduced immobility indicates antidepressant-like effects [9].

Data Analysis

Behavioral data were expressed as mean + SEM. Statistical comparisons between groups were performed using

one-way ANOVA followed by Tukey’s post hoc test. A p-value < 0.05 was considered statistically significant (Figure 2)

[10].
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Figure 2: Experimental Animals
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RESULTS AND OBSERVATIONS:

The effects of serotonin receptor modulators on depressive-like behavior in rats were evaluated using the forced swim
test (FST) and tail suspension test (TST).

Forced Swim Test (FST)

The control group exhibited high immobility time (198.3 + 6.4 s), indicating depressive-like behavior. Treatment with
fluoxetine significantly reduced immobility (112.5 +£ 5.2 s, p < 0.01). Among the test compounds, the 5-HT:A receptor
agonist showed the most pronounced reduction in immobility (118.6 + 4.9 s), comparable to fluoxetine. The 5-HT-A
receptor antagonist and 5-HT- inverse agonist also significantly decreased immobility (142.8 + 5.5 s and 130.4 + 5.1 s,
respectively), demonstrating antidepressant-like effects.

Tail Suspension Test (TST)

In the TST, control animals showed immobility of 210.7 £ 7.1 s. Fluoxetine-treated rats displayed significantly lower
immobility (118.2 + 5.3 s, p <0.01). Similar to the FST results, the 5-HT:A agonist markedly reduced immobility (123.4
+ 4.7 s), while the 5-HT-A antagonist and 5-HT7 inverse agonist also exhibited significant reductions (138.9 = 5.4 s and
129.7 +£ 5.0 s, respectively) (Table 1, Figure 3).

Table 1: Effect of Serotonin Receptor Modulators on Immobility Time in FST and TST

Group | Treatment (mg/kg, i.p.) | Forced Swim Test (Immobility, s) | Tail Suspension Test (Immobility, s)
I Control (Saline) 1983 +64 210.7+7.1
11 Fluoxetine (10) 112.5 £ 5.2%* 118.2 + 5.3%*
I 5-HT:A Agonist (5) 118.6 + 4.9%* 123.4 £4.7**
v 5-HT-2A Antagonist (5) 142.8 +£5.5* 138.9 £ 5.4*
\Y 5-HT7 Inverse Agonist (5) 130.4 + 5.1** 129.7 £ 5.0**

*Values are expressed as mean + SEM, n = 6.
*Significant at p < 0.05, **highly significant at p < 0.01 compared to control (ANOVA followed by Tukey’s test).
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Figure 3: Graphical presentation of Serotonin Receptor Modulators on Immobility Time in FST and TST
All serotonin receptor modulators demonstrated significant antidepressant-like effects by reducing immobility in
both behavioral models. The 5-HT:A receptor agonist exhibited the most potent effect, comparable to the standard drug
fluoxetine. These results suggest that modulation of specific serotonin receptor subtypes effectively alleviates depressive-
like behavior in rats.
behavior where immobility is a measure of behavioral
hopelessness and decreases a measure of possible

DISCUSSION

The present study demonstrated that selective serotonin
receptor modulators significantly ameliorate depressive-
like behavior in rat models, as evidenced by reduced
immobility in the forced swim test (FST) and tail
suspension test (TST). Such behavioral paradigms are
highly tested in measuring the antidepressant like

antidepressant action [11].

The antidepressant effect of the 5-HT 1A receptor
agonist was the most significant, as with the familiar
drug fluoxetine. By activating, these receptors enhance
serotonin signaling in the brain which leads to
elevations in serotonin in areas such as the
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hippocampus and prefrontal cortex- areas that play a
major role in the regulation of emotions and mood. This

of the central complex. J. Neurogenet. 8, 125-155
(1992).

increase in serotonin activity is probably the cause of 2. Kamyshev N. G, Iliadi K. G. & Bragina J. V.
the betterment of depressive symptoms. This is Drosophila conditioned courtship: two ways of
probably due to the mechanism responsible in reducing testing memory. Learn. Mem. 6, 1-20 (1999).
the immobility and the rise in the active behavioral 3. Benzer S. Behavioral mutants of Drosophila
responses [12]. isolated by countercurrent distribution. Proc. Natl
Acad. Sci. USA 58, 1112-1119 (1967).
Likewise, the 5-HT 2A receptor antagonist exhibited 4. Strauss R., Schuster S. & Gotz K. G. Processing of
great antidepressant-like effects. It blocks 5-HT 2A artificial visual feedback in the walking fruit fly
receptors and, as such, regulates the downstream Drosophila melanogaster. J. Exp. Biol. 200, 1281-
signaling pathways including glutamatergic and 1296 (1997).
dopaminergic pathways, which can provide positive 5. Shohat-Ophir G., Kaun K. R., Azanchi R,
mood and cognitive function. Moreover, the 5-HT 7 Mohammed H. & Heberlein U. Sexual deprivation
receptor inverse agonist was also discovered to decrease increases ethanol intake in Drosophila. Science
the immobility implying that the receptor has a part in 335, 1351-1355 (2012).
regulating circadian rhythms, synaptic plasticity, and 6. Griffith L. C. & Ejima A. Courtship learning in
neuronal excitability which are all associated with the Drosophila melanogaster: diverse plasticity of a
effects of antidepressants. [13]. reproductive behavior. Learn. Mem. 16, 743-750
(2009).
The specificity of the receptor subtypes, the distribution 7. Gould T. D., Quiroz J. A., Singh J., Zarate C. A. &
of the brain regions, and the pharmacokinetics of the Manji H. K. Emerging experimental therapeutics
test compounds may be considered as the reasons of the for bipolar disorder: insights from the molecular
different efficacies. The findings confirm that and cellular actions of current mood stabilizers.
antidepressant effects of conventional SSRIs can be Mol. Psychiatr. 9, 734-755 (2004).
observed through the specific regulation of serotonin 8. Yuan Q., Lin F., Zheng X. & Sehgal A. Serotonin
receptor subtypes that could be even faster acting and modulates circadian entrainment in Drosophila.
with fewer side effects [14]. Neuron 47, 115-127 (2005).
9. Herteleer L. et al. Mood stabilizing drugs regulate
In general, the results allow to conclude that the transcription of immune, neuronal and metabolic
therapeutic potential of serotonin receptor modulators pathway genes in Drosophila. Psychopharmacology
exists as new antidepressant agents. Additional 233, 1751-1762 (2016).
mechanistic work is justified such as neurochemical 10. Gitlin M. Lithium side effects and toxicity:
studies and receptor occupancy studies that will clarify prevalence and management strategies. Int. J.
the exact mechanisms involved and how these Bipolar Disord. 4, 27 (2016).
compounds can be optimized in clinical use [15]. 11. Rybakowski J. K. Response to lithium in bipolar
disorder: clinical and genetic findings. ACS Chem.
CONCLUSION Neurosci. 5, 413-4.21. (2014). . .
. . 12. Fakhoury M. Revisiting the serotonin hypothesis:
The current work has shown that selective serotonin - . . .
. . implications for major depressive disorders. Mol.
receptor modplators han? great antidepressant-like Neurobiol. 53, 2778-2786 (2016).
cffects on anllmal depression models. The 5._HT 1A 13. Mahar I., Bambico F. R., Mechawar N. & Nobrega
r@ce.ptor agonist was th; most potent with its effect J. N. Stress, serotonin, and hippocampal
similar to that of fluoxetine, and the 5-HT 2A receptor I . -

. . ; . neurogenesis in relation to depression and
antagomist anq S'HT ,9 mverse agonist h?d s1gn1ﬁcaqt antidepressant effects. Neurosci. Biobehav. Rev.
effects ~on immobility in forced swim and tail 38, 173-192 (2014).
suspension tests. These results demonstratf.: that the 14. Fujita M. & Tanimura T. Drosophila evaluates and
subtypes of serotonin receptors play a crucial role in learns the nutritional value of su C Biol

¢ gars. Curr. Biol.
mood gontrol and that spegﬁc receptor-based 21, 751-755 (2011).
interventions can be an effective approach to the 15. Kuntz S., Poeck B., Sokolowski M. B. & Strauss R.

development of new antidepressive treatments.
Research investigations are still justified in order to
explain the exact molecular processes and to test
clinical perspectives of these receptor-targeted
compounds.
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