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Blockade of 5-HT2A/2C-Type Receptors Impairs Learning 
in Female Rats in the Course of Estrous Cycle
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Were studied the effects of chronic administration (14 days) of agonist of 5-HT2B/2C serotonin 
receptors m-CPP (0.5 mg/kg subcutaneously) and agonist of 5-HT2A/2C serotonin receptors 
ketanserin (0.1 mg/kg intraperitoneally) on conditioned reactions in female rats in different 
phases of the estrous cycle. Passive avoidance (PA) paradigm and Morris water maze were 
used as behavioral tests. Chronic administration of m-CPP did not affect PA retrieval dur-
ing the proestrus and estrus phases, but improved the dynamics of spatial learning in Morris 
water maze in comparison with control rats. Chronic administration of ketanserin uniformly 
impaired processes of spatial and nonspatial learning in female rats irrespective to the phase 
of the estrous cycle. A modulating role of 5-HT2A/2C and 5-HT2B/2C serotonin receptors in pro-
cess of learning in female rats during the key phases of the estrous cycle was demonstrated.
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There is a close cooperation between the hypothala-
mic-pituitary-ovarian hormonal system and the sero-
tonergic neurotransmitter system in the mechanisms 
of realization of brain cognitive functions [5,6,10,13]. 
For instance, it was clearly demonstrated that estradiol 
and serotonin (5-HT) are involved into the mecha-
nisms of learning and memory, sexual behavior, sleep, 
affective disorders, depression, and schizophrenia 
[13,14]. 5-HT1A- and 5-HT2A/2C subtypes of serotonin 
receptors are believed to mediate a number of effects 
of estrogens on the serotonergic system [6,9,14]. Some 
of serotonergic agents administered 30 min before per-
formance of behavioral tests were shown to modulate 
the cognitive-affective status in females during various 
phases of the estrous cycle [7,8]. However, the data 
are scanty and contradictory due to the lack of com-
parative analysis of the effects of both agonists and 
antagonists of different 5-HT receptors on behavioral 
state of females. Moreover, the interaction between 
5-HT and estrogens was primarily studied on ovariec-
tomized females [4,11,12].

The objective of this study was to investigate role 
of 5-HT2A/2C and 5-HT2B/2C subtypes of serotonin recep-
tors in conditioned activity in female rats under condi-
tions of natural cyclic changes of their level during the 
key phases of the estrous cycle.

MATERIALS AND METHODS

The study was carried out on 120 mature albino fe-
male Wistar rats weighing 180-200 g and obtained 
from Rappolovo nursery. The animals were kept un-
der natural illumination and conditions of maximal 
standardization of temperature and food regimens 
with free access to water and food. All experiments 
were performed in the fi rst half of the day (from 9 to 
12 a.m.).

All used chemicals were purchased from Sigma. 
m-CPP was used as agonist of 5-HT2B/2C serotonin re-
ceptors (0.5 mg/kg subcutaneously), ketanserin (0.1 
mg/kg intraperitoneally) was used as antagonist of 
5-HT2A/2C serotonin receptors. The chemicals were dis-
solved in distilled water with DMSO and administered 
in a volume of 0.1 ml per rat weighing 200 g. Con-
trol rats received the same volume of the vehicle. The 
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chemicals were administered for 14 days before the 
start of behavioral tests.

For each test, the rats were divided into groups of 
8-10 animals: rats in the diestrus phase receiving phy-
sio logical solution (group 1, control), rats in the estrus 
phase receiving with physiological solution (group 2, 
control), rats in the proestrus phase receiving physio-
logical solution (group 3, control), rats in the diestrus 
phase receiving m-CPP (group 4), rats in the estrus 
phase receiving m-CPP (group 5), rats in the proestrus 
phase receiving m-CPP (group 6), rats in the diestrus 
phase receiving ketanserin (group 7), rats in the estrus 
phase receiving ketanserin (group 8), and rats in the 
proestrus phase receiving ketanserin (group 9),.

Vaginal smears were obtained daily for 8 days 
to determine the phase of the estrous cycle (diestrus, 
proestrus, estrus) using characteristic morphological 
signs as described previously [2]. Rats with stable 
4-day estrous cycle were taken into the experiment.

The rats were trained in the PA paradigm (non-
spatial learning) [1] and in Morris water maze (spatial 
learning) [3].

The data were processed statistically by two-way 
ANOVA with subsequent Newman–Keuls post-hoc 
test using software package SPSS 9.0. The differences 
were statistically signifi cant at p<0.05.

RESULTS

Two-way ANOVA revealed signifi cant effects of the 
test chemical [F(1,90)=4.27, p<0.05] and hormonal 
factor (phase of the estrous cycle) [F(3,90)=3.40, 
p<0.05], as well as the interaction between them 
[F(3,90)=5.81, p<0.001] on PA retrieval in rats (Fig. 
1). Post-hoc analysis also revealed signifi cant differ-
ences between the control and experimental groups by 
the results of PA test (p<0.05).

It should be noted, that in control rats the retrieval 
of this refl ex was observed only in the phase of dies-
trus, while during the estrus and proestrus amnesia of 
PA was observed.

In rats treated with ketanserin (blockade of 
5-HT2A/2C serotonin receptors), PA retrieval was im-
paired irrespective to the phase of the estrous cycle 
(Fig. 1). Stimulation of 5-HT2B/2C serotonin receptors 
during estrus and proestrus did to affect PA, i.e. pa-
rameters of spatial learning in rats treated with m-CPP 
during the estrous cycle did not differ from those in 
control rats (Fig. 1).

Two-way ANOVA of the data obtained in Morris 
water maze during training and test sessions revealed 
signifi cant effects of the agent ([F(1,90)=8.32, p<0.05], 
[F(3,90)=5.40, p<0.05]) and hormonal factor (phase of 
estrous cycle) ([F(3,90)=2.40, p<0.05], [F(3,90)=2.45, 
p<0.05]), as well as the interaction between these fac-

tors ([F(3,90)=5.36, p<0.001], [F(3,90)=2.85, p<0.05]). 
Post-hoc analysis demonstrated signifi cant differences 
between the control and experimental groups during 
the analysis of results obtained in training and testing 
trials in Morris water maze (p<0.05).

In the control group, facilitation of spatial learn-
ing was observed during estrus and deterioration du-
ring proestrus.

Experimental results suggest that blockade of 
5-HT2A/2C serotonin receptors impairs spatial learning 
irrespectively of the phase of the estrous cycle (Fig. 
2). Chronic administration of m-CPP (stimulation 
of 5-HT2B/2C serotonin receptors) improved spatial 
learning during the key phases of the estrous cycle 
(Fig. 2).

Our experiments demonstrated ambiguous effects 
of selective agonist or antagonist of different subtypes 
of type 2 serotonin receptors on spatial and nonspatial 
learning under conditions of natural cyclic changes in 
estrogen level in the body. In addition, these results 
proved that the agents affecting serotonergic neuro-
transmission can modulate cognitive processes in rats 
in key phases of estrous cycle.

Experiments on PA model showed that chronic ad-
ministration of 5-HT2A/2C serotonin receptor antagonist 
ketanserin to rats impaired PA retrieval not only during 
proestrus and, estrus, but also du ring diestrus. This 
suggests that 5-HT2A/2C serotonin receptor blockade 
levels the differences in nonspatial learning capacity in 
the course of estrous cycle. Moreover, chronic admin-
istration of 5-HT2B/2C serotonin receptor agonist m-CPP 
to rats did not affect the pattern of spatial learning in 
investigated phases of estrous cycle.

Model of spatial learning in the Morris water maze 
revealed similar suppressing effect of ketanserin on 

Fig. 1. Effects of chronic administration of ketanserin and m-CPP 
on PA conditioning and retrieval in female rats. Ordinate: latency of 
entry into the dark compartment after 24 h. Here and in Fig.2: light 
bars: control, dark bars: ketanserin, shaded bars: m-CPP. p<0.05 
in comparison with: *rats in diestrus phase, +control rats in the cor-
responding phase of the estrous cycle.
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learning capacity irrespective of the phase of the es-
trous cycle. Chronic m-CPP administration improved 
parameters of spatial learning during the key phases 
of the estrous cycle in rats, i.e. stimulation of central 
5-HT2B/2C serotonin receptors also eliminated differences 
in spatial learning associated with natural hormonal 
state of the rat. However, it should be noted that the 
effects of stimulation and blockade of 5-HT2A, 2B, 2C sub-
types of serotonin receptors on this type of learning are 
opposite, but it is not determined by the phase of the 
estrous cycle.

Opposite effects of these serotonergic compounds 
on conditioned activity in rats are probably associated 
with changes in 5-HT metabolism and pattern of the 
expression of 5-HT2A, 2B, 2C subtypes of serotonin recep-
tors, as well as with changed expression of β-form of 
estrogen receptors and their binding capacity in brain 
structures, which are directly relevant to cognitive 
functions [4-6].

Thus, our experiments demonstrated substantial 
role of 5-HT2A/2C and 5-HT2B/2C serotonin receptors in 
cognitive processes at different phases of the estrous 
cycle in rats and attest to the necessity of further in-
vestigation of the effects of serotonergic compounds 
as agents of pharmacological correction of impaired 
higher functions of the brain in the course of the es-
trous cycle.
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for Basic Research (grant No. 09-04-01765).

REFERENCES

 1. Ya. Buresh, O. Bureshova, and J. P. Huston, The Techniques 
and Basic Experiments for the Study of Brain and Behavior 
[in Russian] Moscow (1991).

 2. Ya. D. Kirshenblat, Laboratory Course for Endocrinology [in 
Russian], Moscow (1969).

 3. D. B. Ponomarev and E. P. Vinogradova, Zhurn. Vyssh. Nerv. 
Deyat., 50, No. 6, 974-981 (2000).

 4. N. S. Sapronov and Yu. O. Fedotova, Hormones of the Hypo-
thalamic-Pituitary-Ovarian System and the Brain [in Russian], 
St.Petersburg (2009).

 5. Z. Amin, T. Canli, and C. N. Epperson, Behav. Cogn. Neurosci. 
Rev., 4, No. 1, 43-58 (2005).

 6. C. L. Bethea, N. Z. Lu, C. Gundlah, and J. M. Streicher, Front. 
Neuroendocrinol., 23, No. 1, 41-100 (2002).

 7. G. Diaz-Veliz, T. Alarcon, C. Espinoza, et al., Pharmacol. 
Biochem. Behav., 58, No. 3, 637-642 (1997).

 8. G. Diaz-Veliz and N. Dussaubat, S. Mora, Ibid, 57, No. 4, 
687-692 (1997).

 9. M. Landry and T. Di Paolo, Brain Res. Mol. Brain Res., 112, 
No. 1-2, 82-89 (2003).

10. G. C. Lasiuk and K. M. Hegadoren, Biol. Res. Nurs., 9, No. 2, 
147-160 (2007).

11. A. Markou, T. Duka, and G. M. Prelevic, Hormones (Athens), 
4, No. 1, 9-17 (2005).

12. B. McEwen, Recent. Prog. Horm. Res., 57, 357-384 (2002).
13. D. R. Rubinow and P. J. Schmidt, Psychoneuroendocrinology: 

the Scientifi c Basis of Clinical Practice, Eds. O.Wolkowitz, 
A.Rothschild. Washington; London (2003), pp. 245-280.

14. L. A. Rybaczyk, M. J. Bashaw, D. R. Pathak, et al., BMC 
Womens Health, 5, 5-12 (2005).

Fig. 2. Effects of chronic treatment with ketanserin and m-CPP on spatial learning of female rats in Morris water maze on day 8. a) training 
session, b) test session. Ordinate: time of finding the platform.
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