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1. Introduction

Abstract

When animals are housed in a group, they form social hierarchy, which may
have a great influence on the cognitive abilities and health of the individuals of
this group. The rank order of this social hierarchy may have its consequences on
the individual survival, reproduction, and general health. Social hierarchy is
formed based on the agonistic interactions among members of the group.
Several methods of assessment of rank order in a specific group of animals have
been developed in different behavioral laboratories; these included modified
food competition test, sucrose solution competition test, water competition test,
and tube test. It has been proposed that the aggressive behavior of animals is
modulated by serotonin (5-HT) activity in the brains of the animals. Increased
aggressive behavior was reported to be linked to decreased 5-HT level in the
brain, and vice versa, submission was induced in animals by increased 5-HT
activity in the brain. Administration of 5-HT agonists, e.g., fluoxetine, which
inhibits the reuptake of serotonin from the synaptic area to the nerve terminal
and therefore elevates synaptic serotonin level, could decrease aggression;
whereas administration of ondansetron, which is a 5-HT receptor antagonist,
could increase aggression in animals. The aim of the current review is to discuss
the basis of social hierarchy, the role of central 5-HT, and the behavioral effects
of 5-HT agonists and antagonists.
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aggression.

rank in their groups may have first access to the
aforementioned limited resources. Indeed, once

Humans and other social species’ life when living in
groups is greatly affected by their rank in a specific
social hierarchy (Zhou et al., 2018). The
aggressive interaction among the individuals of a
group of animals may determine the rank order of
each animal in its social group (Olivier & Van
Oorschot, 2005). These agonistic interactions
between animals is derived by the limited resources
for food, water, territory or sexually receptive
female (Zhou et al., 2018). Animals with higher

rank order is established it may decrease fighting
between animals and save energy (Sapolsky,
2004). Several researchers have presented different
animal models to evaluate the agonistic and
competitive behavior of animals. Social hierarchy
and rank order of animals could be determined in
these animal models, including modified food
competition test, sucrose solution competition test,
water competition test, and tube test (Timmer et
al., 2011; Lozano-Montes et al., 2019; Costa et



al., 2021).

It was important to investigate the central neural
mechanisms that determine the rank order of
animals and their social hierarchy. Serotonin (5-HT)
is a major determinant factor of the aggressive
behavior of animals (Alekseyenko & Kravitz,
2014). Many authors reported that increased activity
of brain 5-HT is accompanied by an inhibitory state
of the brain (Daw et al., 2002), which may result in
decreased aggression of that animal (Davidson et
al., 2000; Veenema, 2009). In the contrary,
decreased serotonergic activity in the brain is
accompanied by an increased aggression of the
animal (Miczek et al., 1994; Marquez et al.,
2013).

Many studies have been conducted to investigate
the effects of different drugs on the aggressive
behavior of animals. Reduced aggression was
observed in animals treated with 5-HT agonists.
This depressive effect on aggressive behavior has
been observed after treatment with either direct 5-
HT receptor agonists or indirectly acting agonists
that increase synaptic level of 5-HT by inhibiting its
reuptake, e.g., fluoxetine (Olivier et al., 1987). In
contrast, 5-HT3 receptor antagonists, e.g.,
Ondansetron, have been reported to decrease central
5-HT brain activity and increase aggression
(Engleman et al., 2008). The objectives of the
current review are to review the basis of social
hierarchy and rank order of animals, and to discuss
the inverse relationship between central 5-HT
neurobiological activity and aggressive behavior of
animals. Further, the review aimed to explore the
effects of 5-HT agonists and antagonists, on
aggressive and competitive behavior of animals.

2. Social Hierarchy

Social hierarchy has been assessed in animals by
measuring the agonistic behavior of these animals.
Several models have been proposed by several
researchers, they all based on evaluation of the
competition outcomes for limited resources of food,
water, or sexually receptive females (Zhou et al.,
2018).

Access to the scarce resources, e.g., food, water or
others, may determine the rank position of the
animal in its social hierarchy; the animal that gets
this access is referred to as dominant animal or
“winner”, whereas the other animal is referred to as
the subordinate animal or “loser”. Social hierarchy
is accompanied by priority access to various limited
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resources and decreased agonistic interactions to
save energy (LeClair et al., 2021). Dominance-
subordination social interactions determine the
basis of social hierarchy in mammals (Fernald,
2014).  Dominance-subordination  relationship
among different individuals in a group may have
major consequences on the individual’s mental and
physical status (Zhou et al., 2018).

Among the factors that may determine the social
status are external and internal factors; the external
factors are not inherited rather they come from
outside, such as environment, opponent state, past
experience of winning or defeat. Internal factors
are inherited, such as body weight, courage, and
stress (Zhou et al., 2018). Several methods of
assessment of animal hierarchy in the laboratory
have been developed; these included food
competition test, sucrose solution competition test,
water competition test, and tube test (Costa et al.,
2021).

3. The Role of the
Neurotransmitter Serotonin

Central

Serotonin is widely distributed in the animals’
CNS. It is synthesized in raphe nuclei from
tryptophan amino acid. The highest concentrations
of 5-HT are found in the limbic system in the brain
(Siegel & Crockett, 2013). 5-HT regulates many
body functions such as aggressive behavior, sleep,
pain, and sexual activity; further, it takes part in
several diseases such as anxiety, headache, major
depression, and addiction (Roczniak et al., 2015).
It is well established that high serotonin brain
levels inhibit behavioral activation and aggression
and vice wversa, low serotonin levels are
accompanied by increased aggression
(Alekseyenko & Kravitz, 2014).

4. Effects of 5-HT Pharmacological
Agents on Behavior

The concept of modulatory role of 5-HT on
aggressive behavior has been supported by a large
body of research evidence in animals and human;
decreased serotonergic function is associated with
increased aggression, whereas pharmacological
intervention that enhances serotonergic function
reduces aggression (Fuller, 1996). Brain lesions in
the raphe nucleus that deplete 5-HT or by
neurotoxins are reported to induce aggressive
behavior in animals (Eriksson & Jumbleb, 1990).
These effects of 5-HT depletion are reversed by the



treatment with a precursor of 5-HT that enhances its
synthesis. Many pharmacological studies have
documented that administration of 5-HT receptor
agonists could reduce the aggressive behavior in
animals (Ferris et al., 1999; Fish et al., 1999).
Conversely, 5-HT receptor knock-out increased
aggression in mice (Saudou et al., 1994). Further,
drugs that enhance the serotonergic function by
direct activation 5-HT receptors or indirectly by
inhibiting 5-HT reuptake to increase its availability
at the synaptic area, e.g., fluoxetine, could decrease
aggression in the treated animals (Olivier et al.,
1987).

5. Central Effects of 5-HT3 Receptors
Antagonists

Blockers of 5-HT3 receptors are used in the
treatment of nausea and vomiting induced by
administration of chemotherapeutic agents. Several
selective 5-HT3 blockers, e.g., Ondansetron,
Itasetron, Alosetron, and Tropisetron, that are
readily absorbed and cross the blood-brain barrier,
are clinically useful antiemetic agents (Hesketh,
2008). In addition to the anti-emetic effect of
ondansetron, cognition and behavioral sensitization
have been assessed in rats (Davidson et al., 2002).
Ondansetron  administration  could  improve
cognitive performance in rats (Diez-Ariza et al.,
2003).

6. Role of Central 5-HT in Regulating
Food Intake

Researchers reported an inhibitory effect of
serotonin on sucrose intake, which is mediated by
5-HT receptors (Hayes & Covasa, 2005).
Similarly, Savastano et al. (2005) showed the
involvement of 5-HT3 receptors in the inhibitory
effect of serotonin on food intake. Thus, the
aforementioned observations proved the
involvement of 5-HT receptors in the regulation of
feeding behavior, which may affect the competitive
behavior of animals to food. However, it was stated
that this effect of serotonin is observed in food-
deprived animals and not in fed mice (Li et al.,
2015).

A negative relationship between food intake and
central 5-HTactivity has been observed (Lam et al.,
2010; Cui et al., 2012). Inhibited food intake was
noted with increased activity of central 5-HT;
whereas decreased activity of central 5-HT
increased hyperphagia (Fetissov et al., 2000; Lam
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et al., 2010). An inhibitory effect on feeding has
been demonstrated after the administration of
selective-serotonin  reuptake inhibitors, e.g.,
fluoxetine, and serotonin  releasers, e.g.,
fenfluramine (Simansky, 1996). In a previous
study, similar results of serotonergic agonists were
recorded on feeding behavior; authors suggested an
enhanced satiation that decreased eating rate
(McGuirk et al.,, 1992). Many studies have
documented a modulatory effect of 5-HT3
receptors on feeding behavior. It has been proposed
that many neurons related to feeding, e.g., peptide-
mediated signaling, are affected by activation of 5-
HT3 receptors (Cui et al., 2012, Wu et al., 2012).
For instance, ondansetron, which is a selective 5-
HT3 receptor antagonist, could decrease satiety
induced by cholecystokinin (CCK) (Daughters et
al., 2001; Janssen et al., 2011).

7. Conclusion

The animals’ brain serotonin levels are inversely
related to the aggressive behavior of animals. 5-HT
agonists, such as fluoxetine have a depressive
effect on the aggressive and competitive behavior
of animals; while 5-HT antagonists, such as
ondansetron, decrease the brain serotonin activity
and produce an enhanced aggressive and
competitive behavior. It is recommended to
conduct clinical research to explore the benefits of
5-HT agonists in treating impulsive aggression in
violent patients. It is also recommended to
investigate the beneficial effects of 5-HT agonists,
eg. fluoxetine, in the treatment of dangerous
aggressive dogs.

References

Alekseyenko, O. V. & Kravitz, E. A. (2014).
Serotonin and the search for the anatomical
substrate of aggression. F1y (Austin), 8(4), 200-
205.

Costa, D. F., Moita, M. A., & Mérquez, C. (2021).
Novel competition test for food rewards reveals
stable dominance status in adult male rats.
Scientific Reports, 11, 14599.

Cui, R. J., Roberts, B. L., Zhao, H., Zhu, M., &
Appleyard, S. M. (2012). Serotonin activates
catecholamine neurons in the solitary tract nucleus
by increasing spontaneous glutamate inputs. The
Journal of Neuroscience: The Official Journal of
the Society for Neuroscience, 32(46), 16530-



16538.

Davidson, C., Lee, T. H., Xiong, Z. & Ellinwood, E.
H. (2002a). Ondansetron given in the acute
withdrawal from a repeated cocaine sensitization
dosing regimen reverses the expression of
sensitization and inhibits self-administration.
Neuropsychopharmacology: Official Publication of
the American College of
Neuropsychopharmacology, 27(4), 542-553.

Davidson, R. J., Putnam, K. M. & Larson, C. L.
(2000). Dysfunction in the neural circuitry of
emotion regulation--a possible prelude to violence.
Science (New York, N.Y.), 289(5479), 591-594.

Daughters, R. S., Hofbauer, R. D., Grossman, A.
W., Marshall, A. M., Brown, E. M., Hartman, B. K.,
& Faris, P. L. (2001). Ondansetron attenuates CCK
induced satiety and c-fos labeling in the dorsal
medulla. Peptides, 22(8), 1331-1338.

Daw, N. D., Kakade, S. & Dayan, P. (2002).
Opponent interactions between serotonin and
dopamine. Neural Networks: The Official Journal
of the International Neural Network Society, 15(4—
6), 603-616.

Diez-Ariza, M., Redondo, C., Garcia-Alloza, M.,
Lasheras, B., Del Rio, J. & Ramirez, M.J. (2003).
Flumazenil and tacrine increase the effectiveness of
ondansetron on scopolamine-induced impairment of
spatial learning in rats. Psychopharmacology,
169(1), 35-41.

Engleman, E. A., Rodd, Z. A, Bell, R. L. &
Murphy, J. M. (2008). The role of 5-HT3 receptors
in drug abuse and as a target for pharmacotherapy.
CNS & Neurological Disorders Drug Targets, 7(5),
454-467.

Fernald, R. D. (2014). Communication about social
status. Current Opinion in Neurobiology, 28, 1-4.

Ferris, C. F., Stolberg, T. & Delville, Y. (1999).
Serotonin regulation of aggressive behavior in male
golden hamsters (Mesocricetus auratus). Behavioral
Neuroscience, 113(4), 804-815.

Fetissov, S. O., Meguid, M. M., Chen, C., &
Miyata, G. (2000). Synchronized release of
dopamine and serotonin in the medial and lateral
hypothalamus of rats. Neuroscience, 101(3), 657—
663.

Fish, E. W., Faccidomo, S. & Miczek, K. A. (1999).
Aggression heightened by alcohol or social
instigation in mice: reduction by the 5-HT(1B)

124

receptor agonist CP-94,253. Psychopharmacology,
146(4), 391-399.

Fuller, R. W. (1996). The Influence of Fluoxetine
on Aggressive Behavior.
Neuropsychopharmacology, 14(2), 77-81.

Hayes, M. R., & Covasa, M. (2005). CCK and 5-
HT act synergistically to suppress food intake
through simultaneous activation of CCK-1 and 5-
HT3 receptors. Peptides, 26(11), 2322-2330.

Hesketh, P. J. (2008). Chemotherapy-induced
nausea and vomiting. The New England Journal of
Medicine, 358(23), 2482-2494.

Janssen, P., Vos, R., Van Oudenhove, L., & Tack,
J. (2011). Influence of the 5-HT3 receptor
antagonist ondansetron on gastric sensorimotor
function and nutrient tolerance in healthy
volunteers. Neurogastroenterology and Motility,
23(5), 444449, e175.

Lam, D. D., Garfield, A. S., Marston, O. J., Shaw,
J., & Heisler, L. K. (2010). Brain serotonin system
in the coordination of food intake and body weight.
Pharmacology, Biochemistry, and Behavior, 97(1),
84-91.

LeClair, K. B., Chan, K. L., Kaster, M. P., Parise,
L. F., Burnett, C. J. & Russo, S. J. (2021).
Individual history of winning and hierarchy
landscape influence stress susceptibility in mice:
Social rank and stress susceptibility. eLife, 10,
e71401.

Li, B., Shao, D., Luo, Y., Wang, P., Liu, C., Zhang,
X., & Cui, R. (2015). Role of 5-HT3 receptor on
food intake in fed and fasted mice. PLoS ONE,
10(3), e0121473.

Lozano-Montes, L., Astori, S., Abad, S., Guillot de
Suduiraut, I., Sandi, C. & Zalachoras, 1. (2019).
Latency to Reward Predicts Social Dominance in
Rats: A Causal Role for the Dopaminergic
Mesolimbic System. Frontiers in Behavioral
Neuroscience, 13, 69.

Méarquez, C., Poirier, G. L., Cordero, M. 1., Larsen,
M. H., Groner, A., Marquis, J., Magistretti, P. J.,
Trono, D., & Sandi, C. (2013). Peripuberty stress
leads to abnormal aggression, altered amygdala and
orbitofrontal reactivity and increased prefrontal
MAOA gene expression. Translational Psychiatry,
3(1), e216.



McGuirk, J., Muscat, R., & Willner, P. (1992).
Effects of chronically administered fluoxetine and
fenfluramine on food intake, body weight and the
behavioural satiety sequence. Psychopharmacology,
106(3), 401-407.

Miczek, K. A., Haney, M., Tidey, J., Vivian, J. &
Weerts, E. (1994). Neurochemistry and
pharmacotherapeutic management of aggression
and violence. In: Understanding and Preventing
Violence, Vol. 2. Biobehavioral influences (pp.
245-514). National Academy Press.

Olivier, B., Mos, J., Van Der Heyden, J., Schipper,
J., Tulp, M., Berkelmans, B. & Bevan, P. (1987).
Serotonergic Modulation of Agonistic Behaviour.
In: Ethopharmacology of Agonistic Behaviour in
Animals and Humans. Topics in the Neurosciences,
vol 7. Springer, Dordrecht.

Olivier, B. & Van Oorschot, R. (2005). 5-HT1B
receptors and aggression: A review. European
Journal of Pharmacology, 526(1-3), 207-217.

Roczniak, W., Oswiecimska, J. M., Brodziak-
Dopierata, B., Cipora, E., Nowak, P. G. & Babuska-
Roczniak, M. (2015). Research into analgesic effect
of ondansetron in persistent pain model in rats with
central noradrenergic system lesion. Journal of Pre-
Clinical and Clinical Research, 9(2), 140-144.

Saudou, F., Amara, D. A., Dierich, A., LeMeur, M.,
Ramboz, S., Segu, L., Buhot, M. C. & Hen, R.
(1994). Enhanced aggressive behavior in mice
lacking 5-HT1B receptor. Science (New York,
N.Y.), 265(5180), 1875-1878.

Rec. Pharm. Biomed. Sci. 8 (3), 121-125, 2024

Savastano, D. M., Carelle, M., & Covasa, M.
(2005). Serotonin-type 3 receptors mediate
intestinal ~ Polycose- and  glucose-induced
suppression of intake. American Journal of
Physiology. Regulatory, Integrative and
Comparative Physiology, 288(6), R1499-508.

Siegel, J. Z. & Crockett, M. J. (2013). How
serotonin shapes moral judgment and behavior. In
Annals of the New York Academy of Sciences
(Vol. 1299, pp. 42-51).

Simansky, K. J. (1996). Serotonergic control of the
organization of feeding and satiety. Behavioural
Brain Research, 73(1-2), 37-42.

Timmer, M., Cordero, M. I., Sevelinges, Y. &
Sandi, C. (2011). Evidence for a role of oxytocin
receptors in the long-term establishment of

dominance hierarchies.
Neuropsychopharmacology: Official Publication of
the American College of

Neuropsychopharmacology, 36(11), 2349-2356.

Veenema, A. H. (2009). Early life stress, the
development of aggression and neuroendocrine and
neurobiological correlates: What can we learn from
animal models? Frontiers in Neuroendocrinology,
30(4), 497-518.

Wu, Q., Clark, M. S., & Palmiter, R. D. (2012).
Deciphering a neuronal circuit that mediates
appetite. Nature, 483(7391), 594-597.

Zhou, T., Sandi, C. & Hu, H. (2018). Advances in
understanding neural mechanisms of social
dominance. Current Opinion in Neurobiology, 49,
99-107.



