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Past social experiences can affect the mental state 
of humans and the functional state of animals’ 
brains, causing individuals to behave differently 

in the same situation or facing the same stimulus.
The phenomenon that individuals, who have 

high morale and are defeated, run away and avoid 
subsequent fights is called the “loser effect”, whose 
molecular neural basis remains largely unknown, as well 

New Study Reveals Serotonin Signals’ 
Role in Reversing “Loser Effect” 
Mechanism

as the way to reverse it.
A research team led by Prof. ZHU Yan, Principal 

Investigator of the State Key Laboratory of Brain & 
Cognitive Sciences, the Institute of Biophysics (IBP) of 
Chinese Academy of Sciences (CAS), discovered that 
serotonin (5-HT), serotonin receptors, and the neural 
circuits play an important role in reversing the “loser 
effect”. The study, entitled “Serotonin Signals Overcome 

Serotonin (5-HT) signaling pathway regulates the “loser effect” of Drosophila or fruit flies and elevated 5-HT signaling overcomes depressive 
behavioral state in losers and promotes losers to vigorously re-engage in fights. (Image by Dr. ZHU Yan’s group)

Life Sciences



235Bulletin of the Chinese Academy of Sciences

Vol.34 No.4 2020 Science Watch

Reference

S. W. Hu, Y. T. Yang, Y. Sun, Y. P. Zhan, Y. Zhu, (2020) Serotonin signals overcome loser mentality in Drosophila. iScience 23, 101651. doi: 
10.1016/j.isci.2020.101651.

Loser Mentality in Drosophila” was published 
in iScience on October 23. 

Through a large-scale optogenetics-based behavioral 
screening, researchers found that activating 5-HT neurons 
could significantly increase aggression of Drosophila (or 
fruit flies) who was defeated in previous fighting and 
reduce the latency of attacking.

In addition, by activating 5-HT neurons, around 
one-third of losers can reverse the fights and even defeat 
the previous winners. What’s more interesting is in 
subsequent encounters of two losers, activating 5-HT 
neurons once again will lead to a new win-loss result. 
Activating serotonin neurons can also arouse aggression 
of losers with multiple failures.

Further research found that activating only a pair 
of 5-HT neurons can reverse the “loser effect” of fruit 
flies. P1 neurons act upstream and 5-HT1B neurons in 
the ellipsoid body act downstream of 5-HT neurons to 
arouse losers.

Researchers were able to reconstruct aggressiveness 
of losing flies by up-regulating the activity of neurons. 
However, other neurons known to be involved in 

regulating their aggression, such as TK neurons and PLP 
neurons, are not involved in rebuilding aggression of the 
loser. Serotonin and its receptor 5-HT1B molecules are 
also important signaling molecules to reverse the “loser 
effect”.

More importantly, researchers found that a single 
failure may lead to individual losers’ behavioral defects 
or abnormalities in domain, intimidation and courtship. 
These abnormal behaviors can be rescued by regulating 
the serotonin pathway.

As the “loser effect” and the serotonin pathway 
are common in the animal kingdom, the study is 
expected to help understand psychological problems 
caused by stressful experiences, as well as provide a 
new perspective and experimental evidence of the 
mechanisms of post-traumatic stress disorder (PTSD) 
caused by disasters and wars.
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