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Selective serotonin reuptake inhibitor fluoxetine is recommended 
for pregnant women to treat depression during pregnancy [1]. The 
5-hydroxytryptamine 1A (5-HT1A) receptor agonist buspirone 
is widely used for treating generalized anxiety disorder, in certain 
conditions buspirone can show antidepressant effect [2]. Both drugs 
act through the 5-HT1A receptor, which is the target of prenatal stress 
and antidepressants [2,3]. This type of receptor is widely represented 
in the central nervous system, especially in structures involved in 
psycho-emotional behavior, stressful behavior and nociception, which 
determines the close functional relationship between the serotoninergic 
system and the HPA axis and nociceptive system [4]. Various types of 
stressors can alter antidepressant action of these drugs. In this study, 
we investigated a previously unexplored question: how will be changed 
the effects of fluoxetine and buspirone, introduced to dam rats during 
pregnancy, on the adaptive behavior of the offspring subjected to 
prenatal stress (stress of pregnant dams) and inflammatory pain in the 
first two days of life.

Wistar male and female rats were obtained from the biocollection 
of I.P. Pavlov Institute of Physiology of the RAS and maintained in 
the laboratory vivarium under standard conditions. Pregnancy was 
determined on the following day after mating. The present study was 
approved by Animal Care and Use Committee of the I.P. Pavlov Institute 
of Physiology, the Russian Academy of Sciences (St. Petersburg, Russia) 
and followed the guidelines published by the Committee for Research 
and Ethical Issues of the IASP on ethical standards for investigations of 
experimental pain in animals. Intraperitoneal injection of antidepressant 
fluoxetine (10 mg / kg, i.p.) or anxiolytic buspirone (3.5 mg/kg, i.p.) 
was given to Wistar dam rats from day 9 to day 20 of pregnancy; from 
day 15 to delivery the rats were exposed to restraint stress, appropriate 
controls were also used. Here, fluoxetine and buspirone were injected to 
rat dams which were stressed during pregnancy, not stressed rat dams 
with injection of these drugs were studied previously. Restraining stress 
was carried out in the morning and evening (at different times) during 
an hour in bright light. Newborn offspring was subjected to peripheral 
inflammatory pain (the subcutaneous injection of 2.5% formalin 0.5 
µl in the sole of the left hind paw) on the first day and repeatedly the 
second day after birth. 

From the age of 25 days, basal pain sensitivity in the hot plate 
test, the inflammatory pain response in the formalin test, the levels 
of anxiety and depression in the elevated plus maze and forced swim 
test, and the spatial learning ability in the Morris water maze were 
investigated. In all of the behavioral paradigms prenatal stress worsened 
behavioral indices as compared to indices of control animals: lowered 
pain threshold on the hot plate, strengthened the inflammatory pain 
response in the formalin test, decreased the time spent on the open 

arms in the elevated plus maze, increased the immobility time in the 
forced swim test and the time of the platform searching in the Morris 
water maze. Chronic injection of fluoxetine or buspirone to pregnant 
stressed dams improved all behavioral indices. Inflammatory pain 
in newborns strengthened inflammatory pain response integrated 
at the supraspinal level in the formalin test and increased the level of 
depressive-like behavior in the adolescent rats, but did not alter the 
behavior in the rest tests. Pain in prenatally stressed newborns in none 
of the tests strengthened the negative effect of prenatal stress. Moreover, 
pain in early life inhibited the pronociceptive effect of prenatal stress in 
the hot plate test and the formalin test and normalized pain sensitivity 
and inflammatory pain response. It resulted in neutralization of 
antinociceptive effects of fluoxetine and buspirone. Our data provide 
evidence that fluoxetine and buspirone are able to penetrate placental 
barrier and can induce long-term antinociceptive effect in the offspring. 
Antinociceptive, anxiolytic and antidepressive effects of fluoxetine and 
buspirone are obvious only in rats with algesia, or anxiety-depressive 
behavior. The present data suggest that the interaction of two types 
stress during the critical periods of development can program adaptive 
behavior to pain stress in later life what supports the match/mismatch 
hypothesis [5,6]. Our previous data demonstrated that adult rats, 
which were exposed to short-term maternal deprivation at once after 
formalin-induced pain in the first two days of life, showed alleviated 
pain response in the formalin test as compared to hyperalgesic response 
in adult rats that experienced only pain without maternal deprivation 
[7]. The fact that one negative stress can alleviate the consequences 
of another negative event what is manifested in the formation of a 
positive phenotype and the enhancement of adaptive abilities to stress 
in later life is the most important conclusion from our two studies. The 
mechanism of this phenomenon is intensively investigated.
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