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ABSTRACT

OBJECTIVE: Progesterone is a sex hormone and its receptors are expressed throughout the hippocampus. This
study was aimed at evaluating the effects of different doses of progesterone on memory.

METHODS: Male rats were arbitrarily assigned to nine groups, namely Group I: control, Group II: control-can-
nula, Group Il received 0.5 pl of saline by cannula, Groups IV , V, VI, VIl and VIII received progesterone in
doses of 0.5, 1, 1.5, 2, and 3 pg/ 0.5 pl by cannula, respectively. Group IX received 0.5 pl almond oil by can-
nula. Memory performance was tested in form of passive avoidance task.

RESULTS: Our results indicated that progesterone at doses of 1.5 and 2 ug (p < 0.05) significantly increased the mem-
ory performance while at a dose of 3 ug (p < 0.05), it significantly decreased memory as compared to the control group.
CONCLUSION: The current study revealed that the influence of progesterone on memory is related to its dose

(Fig. 1, Ref. 25). Text in PDF www.elis.sk.
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Introduction

Different compounds can have effects on memory formation.
Sex hormones such as estrogen and progesterone can improve
the cognitive processes. Progesterone is a female sex hormone
which is also found in males (1). In men, progesterone is used
for prostate hyperplasia (2). Moreover, previous studies have re-
vealed that progesterone can affect sleep and erectile function (3,
4). This hormone can play a role in different stages of memory
formation. It is well known that there is a connection between
estrogen and memory; however, the role of progesterone in cog-
nition is controversial (1). As a neurosteroid, progesterone has
protective effects on the central and peripheral nervous systems;
it can also reduce neuronal destruction and accelerate neuronal
regeneration (5). Decreased progesterone levels with aging in-
crease the risk of neurodegenerative diseases such as Alzheimer’s
disease (6). Investigations have shown that progesterone recep-
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tors are also present in the cerebral cortex and subcortical regions
(7). In addition, it seems that progesterone plays an important
role in the cognitive function in specific areas of brain such as
hippocampus and forebrain. These regions are associated with
memory (8). The hippocampus is a main structure in human and
animal brains. It is divided into three parts, namely CA1l, CA2,
and CA3 (9). The hippocampus plays crucial roles in short-term
and long-term types of memory (10). Previous studies have re-
vealed that progesterone administration prevents neurodegenera-
tion in the hippocampus (11). This hormone can protect the cen-
tral nervous system under harmful conditions including oxidative
stress, stroke, and neuronal damage (12). The present study aims
to examine the hypothesis that intra-hippocampal injection of
progesterone at different doses can improve the memory perfor-
mance in adult male rats.

Materials and methods

Animals

In this study, 90 three-month old adult male Sprague—Dawley
(250-300 g) rats were acquired from the laboratory animal center
of the University. The Ethics Committee of the University ap-
proved the animal experiment and entire handling was done under
the standard rules of the Animal Ethics Committee. Each group
included 10 rats which were retained under standard conditions,
room temperature (22-24 °C), and a 12/12 h light/dark plan and
had free access to water and food. Group I: control, group II: con-
trol—cannula, and group III received 0.5 pl of saline by cannula;
groups IV, V, VI, VII and VIII received progesterone in doses
0.5,1, 1.5,2, and 3 ug/ 0.5 pl by cannula, respectively. Group IX
received 0.5 pl almond oil by cannula.
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Fig. 1. Results of the passive avoidance response test. (A) The box plots show the groups comparisons regarding the mean of latency time in
passive avoidance task before the training session. (B) The box plots show the groups comparisons regarding the mean of latency time in pas-
sive avoidance task after the training session. * p < 0.05 (progesterone (3 png) vs control), ** p < 0.01 (progesterone (1.5 pg) vs control) and ***

p <0.001 (progesterone (2 pg) vs control).

Surgical procedures

Rats were anesthetized with KX solution (100 and 10 mg/kg
BW of ketamine and xylazine, respectively) which was administe-
red intraperitoneally for surgical procedures. Two cannulae were
located in site of injection according to the 6th edition of the Paxi-
nos Atlas (13). Stereotaxic coordinates for the left CA 1 area of the
hippocampus were AP: —3.8 mm from bregma, ML: + 2.2 from
the sagittal suture and DV: —2.4 mm from the dura mater. The can-
nula was protected in place with dental cement and two screws.
All rats were permitted 7 days to recover from surgery. For drug
injection, a 27-gauge injection needle which was connected to a
polyethylene tube fixed to a 10 pl Hamilton syringe was used. The
solutions were injected in course of 60 s.

Passive avoidance test

Passive avoidance test was designed to assess long-term memo-
ry in experimental animals. All rats were familiarized with the shut-
tle box in a soundproofroom. They were adapted in a conditioning
room for 20 min before every treatment. The shuttle box (passive
avoidance apparatus) consisted of two compartments, a white and
a black room (25 x 25 x 25 c¢cm?®) divided by a sliding door (14).
The electric foot-shock is delivered through the floor composed of
metal grids designed for delivering electric foot-shock at 0.5 mA
for 3 s. For the habituation session (Day 1), the rats were located
into the shuttle box and the sliding door was opened to permit the
rats to freely explore the white and black rooms of the shuttle box
for 3 min. In the training session (Day 2), the assigned rats were
located into the white room but the sliding door was closed. After 30
seconds from start of training session, the sliding door was opened
and latency to enter the dark box was recorded. When the rat passed
into the dark room, the sliding door was closed and the subject rat
received an unavoidable continuous electric foot-shock at 0.5 mA
for 3 s. Rats were removed after receiving the electric shock. Con-
trol rats were returned to their individual home-cages. The animals
in the experimental groups were injected after the training session.
In the retention session (Day 3), after 48 h had passed, the assigned
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rats were located into the white room. After 30 seconds, the slid-
ing door was opened and latency to enter the dark box was noted.
At this stage, the cut-off latency was put at 300 s to enter the dark
box. The shuttle box was washed with 70% ethanol and wiped dry
with a paper towel between each conditioning test.

Statistical analysis
The data were analyzed using one-way ANOVA with post-
hoc Tukey’s test. p < 0.05 was considered statistically significant.

Results

Evaluation of memory before the training session

The results showed that before the training session, there was
no significant difference between the groups in the latency in en-
tering the dark box (p < 0.05) (Fig. 1A).

Evaluation of memory after intra hippocampal administration of
progesterone

After 48 hours of training, progesterone at doses of 1.5 and
2 pg (p <0.05) significantly increased the latency in entering the
dark box as compared to the control group, indicating that pro-
gesterone improved the long-term memory process. Furthermore,
progesterone at the dose of 3 ng (p <0.05) significantly decreased
the latency in entering the dark box as compared to the control
group (Fig. 1B). This result suggests that progesterone can disrupt
memory when administered in high doses (Fig. 1B).

Discussion

According to the present results, no pre-training significant dif-
ference in entering the black box was observed between the groups.
These findings showed that all the rats were studied under similar
conditions. In the testing phase, there was no significant difference
between the saline and control groups in terms of delay in entering
the dark box. In other words cannulation, anesthesia, and saline in-
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fusion had no effect on long-term memory. The results also showed
that the long-term memory was improved in the groups adminis-
tered with1.5 and 2 mL of progesterone in the same vein. Some
studies have shown that progesterone affects the neurons involved
inlearning and memory (15, 16). Administration of progesterone in
postmenopausal women improved memory performance in several
behavioral tasks (17). Also, administration of allopregnanolone
enhanced long-term and spatial working memory (18). Studies
have revealed that different forms of memory require the hippo-
campus to be consolidated (19). Other studies have demonstrated
that administration of progesterone can prevent hippocampal cell
destruction. It has also been revealed that progesterone has antioxi-
dant effects in the hippocampus (11). Furthermore, progesterone
facilitates synaptic currents in the hippocampal CA 1 region, reduces
toxic effects on the nervous system, and can delay the aging pro-
cess (20). It has been confirmed that the gonadal steroid hormones
can extensively regulate the memory processes and the number of
dendritic spines of CA1 pyramidal neurons decreased by 50 % after
gonadectomy (21). Progesterone regulates the hippocampal GABA
receptors which play arole in memory functions (22). Another pos-
sible mechanism could be clarified by the research by Lewis et al
(2008) who reported that progesterone receptors are expressed in
all subregions of the hippocampus (23). Neuroprotective effects of
progesterone and its influence on synaptic plasticity have been con-
firmed. This hormone activates the intracellular pathways such as
MAPK/ERK, thus contributing to the neuroprotection and plasticity
(15). On the other hand, our results indicated that progesterone ata
dose of 3 pg decreased memory as compared to the control group.
This finding is in line with previous studies reporting that proges-
terone at high doses can have a damaging effect on memory (24)
and consistent with the results of the present study. Moreover, El-
Bakri et al (2004) indicated that low-dose estrogen usage showed
better learning and memory than high-dose estradiol administration.
Treatment with high doses of female sex hormones can decrease the
dendritic spine and synapse in CA 1 hippocampus (25). The current
study indicated that doses of 1.5 and 2 pg of progesterone were
effectively able to increase memory in a passive avoidance task.
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