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Abstract. Combined oral contraceptive pill contains ethinyl estradiol and a synthetic pro-
gestin, which prevent ovulation by suppressing the release of the gonadotropins resulting 
in the inhibition of ovarian follicles’ development. Although advantageous in birth control, 
the impact on learning and memory is limited necessitating this study on its eff ect on 
spatial learning, and hippocampal CA3 microstructure. Thirty two female Wistar rats of 
average body weight 200 g were equally divided (n = 8) into four groups; 0.002 mg/kg 
levonorgestrel plus 0.00043 mg/kg ethinyl estradiol (COCP) were administered orally 
for 21, 42 and 63 days. 24 hours after the last administration the rats underwent Morris 
water maze test and were sacrifi ced by transcardial perfusion-fi xation. Their hippocam-
pal regions were processed for histological study, and immunolabelled with anti-neuron 
specifi c enolase (NSE) and glial fi brillary acidic protein (GFAP). Results showed that 
the COCP test groups had shorter escape latencies (p ≤ 0.05) in the visible and hid-
den platform trials. The COCP test groups showed no diff erence in neuronal population, 
although some of the hippocampal CA3 pyramidal neurons were either atrophic and/or 
karyorrhectic, with shrunken and dense nuclei. NSE expression was lower (p ≤ 0.05) in 
the 21, 42 and 63 days COCP groups, while GFAP expression was lower in the 21 days 
COCP group, but not diff erent in the 42 and 63 days COCP groups compared with the 
control. These preliminary results show that COCP infl uence spatial learning, and may 
also reduce neuronal metabolic activity, while increasing astrocytic activity in the hippo-
campal CA3.
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INTRODUCTION 

Birth control is a major factor in public health 
and welfare, and this preserves the general 
and reproductive health of women by allowing 

for planned pregnancy [1]. One method of planned 
pregnancy is the use of the oral contraceptive pills, 
in which earlier prescriptions contained only ethinyl 
estradiol or synthetic progestin, and often called the 
„minipill“ [2]. Nowadays, combined oral contracep-
tives contain these two hormones [3]. Ethinyl estradi-
ol is very stable but is usually metabolised in the liver 
to 2-hydroxy ethinyl estradiol, while progestin is also 
metabolized to hydroxypregnanolone or pregnane-
diol [4]. Many current oral contraceptive combined 
brands use lower ethinyl estradiol concentrations 
than previously, and are proving to be safer while still 
being eff ective [5, 6].

The combined oral contraceptive pill primarily pre-
vents ovulation by inhibiting follicular development 
and consequently, corpus luteum formation. This 
ovarian inhibitory action which is eff ective at the hy-
pothalamus, targets the pituitary production and se-
cretion of the gonadotropins [7, 8]. It is reported that 
almost two million women worldwide use oral contra-
ception [9], with benefi cial eff ects of reducing the inci-
dence of pelvic infl ammatory disease, decreasing risk 
of ectopic pregnancy, benign breast lesions, ovarian 
and endometrial cancers, and protecting against os-
teoporosis and rheumatoid arthritis among the users 
[6, 10, 11]. In addition to these hormonal eff ects on 
reproductive function, they also exhibit modulatory 
eff ects on neurochemical systems involved in emo-
tional and cognitive functions, that is, noradrenergic, 
dopaminergic, serotoninergic, glutamatergic and GA-
BAergic systems [12]. 

Oral contraceptives have diff erent reported roles in 
cognitive abilities and emotional recognition [13, 14]. 
However, in ovariectomized animals, ethinyl estradiol 
showed confl icting results; had no eff ect on spatial 
and object memory [15, 16] or impaired acquisition 
of spatial navigation skills and strategies [17]. Syn-
thetic progestin on the other hand either had no ef-
fect on water maze activity [18] or enhanced working 
memory [19], while its metabolite, allopregnanolone 
inhibited learning in the Morris water maze [20]. But 
despite their well-characterized eff ects, little is known 
about the combined oral contraceptives mechanisms 
of action on cognitive abilities [13, 14, 21]. Knowledge 
about the impact of combined oral contraceptives on 
cognitive abilities is of great importance equally to the 
private user and physicians, as well as to clinical and 
fundamental researches. Cognitive function is, how-
ever, a broad concept and includes a lot of diff erent 

capacities. A research report suggests that the syn-
thetic steroids delivered by the female contraceptive 
pill can shrink certain regions of the female brain and 
could also alter their functions [22]. Thus, the hippo-
campus forms the integral part of the present study.
The hippocampus is a very important brain re-
gion with diverse cognitive abilities, and especially 
in learning and memory. It is a C-shaped structure 
also called the cornu ammoni and located deep in 
the temporal lobe [23]. The CA3 region is reported 
to decrease in metabolic activity following fear con-
ditioned learning [24], which at the same time cause 
decreased water maze activity, attributed to the CA3 
role in the storage of water maze representations 
[25]. Nevertheless, there is paucity of information on 
how oral contraceptives aff ect learning and memory, 
and the structure of the hippocampus, especially the 
CA3 region. This limited information and the need to 
assess learning and memory motivated this investi-
gation on the role of combined oral contraceptives on 
hippocampal CA3 structure and function.

MATERIALS AND METHODS

Thirty two female Wistar rats of average body weight 
200 g were equally divided (n = 8) into four groups. 
The animals were handled according to the guide-
lines for animal care of the United States National 
Institute of Health, and they were allowed access to 
rat chow (Vital Feeds Limited, Nigeria) and water ad 
libitum throughout the experimental period. 
Three packets of Combination3® were obtained from 
a reputable Pharmacy in Owerri, Nigeria, with each 
packet containing 21 beige-coloured tablets made up 
of 0.15 mg levonorgestrel and 0.03 mg ethinyl es-
tradiol, and 7 brown coloured tablets containing 75 
mg ferrous fumarate. Each tablet was grounded to 
powder and dissolved in 175 ml of distilled water. 
The therapeutic dosages were determined per body 
weight of the animals using 60 kg body weight for 
mature human females. The preparation was carried 
out daily before administration.
Oral contraceptives produce a cycle of serum levels 
throughout the day, with concentrations as high as 1-2 
hours after ingestion of the pill [26]. The four groups 
were the control group (group 1 – untreated), and test 
groups (groups 2, 3 and 4). 0.002 mg/kg levonorg-
estrel plus 0.00043 mg/kg ethinyl estradiol (COCP) 
were administered orally, for 21, 42 and 63 days, re-
spectively (Table 1). Twenty four hours after the last 
administrations for each group, behavioural task in the 
Morris water maze (MWM) was carried out [27]. The 
three groups who received levonorgestrel plus ethinyl 
estradiol tested on the Morris water maze on days 22-
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27, 43-48 and 64-69. The control group rats were also 
exposed to the test on days 64-69 of the experiment. 

Briefl y, a black circular pool with diameter 150 cm and 
depth 50 cm was kept in a neurobehaviour room with 
contrast spatial cues placed on the walls. A 10 cm di-
ameter platform was placed in the pool. The pool was 
then fi lled with water until the platform was a centi-
metre above the water surface. The water was left 
overnight in the neurobehaviour room to attain room 
temperature (27-29°C). The training consisted of a 
day of cue (visible) platform training (four trials per 
day) followed immediately by 4 days of place (hid-
den) platform training (four trials per day). Each rat 
was given 60 seconds to locate the platform and was 
allowed to remain on the platform for 5 seconds and 
then returned to a holding cage. The time to discov-
ered and mount the platform (escape latency) was 
noted as index of retrieval of spatial learning [27, 28]. 

The rats were then anaesthetised with 40 mg/kg ket-
amine (i.p.), and the animals perfused transcardially 
with 1M phosphate buff ered saline and subsequently 
with 10% neutral buff ered formalin (NBF). Each rat’s 
whole brain was excised and post-fi xed in 10% NBF for 
48 hours. The brain tissue at the level of the hippocam-
pus was excised and routinely processed for paraffi  n 
sectioning. Serial representative sections were stained 
with haematoxylin and eosin (H & E), and Cresyl fast 
violet (CFV), while others were immnunolabelled with 
anti-neuron specifi c enolase (NSE) and glial fi brillary 
acidic protein (GFAP) after antigen retrieval. 

Briefl y, serial paraffi  n sections on slides were brought 
to water and antigen retrieval was performed using 
citrate buff er (pH 6.0) in a microwave oven for 5 min-
utes, followed by protein block using 3% hydrogen 
peroxide for 10 minutes. Sections were thereafter 
preincubated in 2% normal goat serum for 30 min-
utes and incubated in monoclonal mouse anti-eno-
lase-2 (Novocastra, Leica Biosystems, 22C9, 1:100) 
for NSE, and mouse monoclonal anti GFAP (Novo-
castra, Leica Biosystems, NCL-L-GFAP-GA5, 1:100) 
for GFAP, followed by 1 hour incuba-
tion in goat anti-mouse secondary 
antibody (1:100) for an hour. Detec-
tion of reaction was by means of the 
avidin-biotin complex with diamino-
benzidine as the chromagen. Sec-
tions were then counterstained with 
Harris haematoxylin, dehydrated, 
cleared and cover-slipped with DPX. 
Processed slides were viewed under 
the light microscope and photomi-
crographs obtained using a com-
puter assisted digital microscope’s 
camera. 

Cellular density was determined manually by means 
of ImageJ® software (version 1.37c). Briefl y, images 
of the hippocampal CA3 region was obtained for each 
section and randomly mapped with the ImageJ® 
gridlines. Counting of cell nuclei was done manually 
taking into consideration the nuclei on the upper and 
right borders of the mapped areas.

Data were analyzed using repeated measure analysis 
of variance for the behavioural parameters and one way 
analysis of variance for cell count; by means of Graph-
pad prism (version 5) and post-hoc Tukey test used to 
compare group diff erence. Statistically signifi cant data 
were determined at probability level p ≤ 0.05, and data 
represented as mean ± standard error of mean.

Table 1. Schedule of Drug Administration

Groups (n = 8) Dosage of Combination 3 Duration

1 (control ) No treatment 63 days

2 0.002 mg/kg levonorgestrel plus 
0.00043 mg/kg ethinyl estradiol 21 days

3 0.002 mg/kg levonorgestrel plus 
0.00043 mg/kg ethinyl estradiol 42 days

4 0.002 mg/kg levonorgestrel plus 
0.00043 mg/kg ethinyl estradiol 63 days

RESULTS

Neurobehavioural study
Escape latency in Morris water maze behavioural 
study: On trial day 1 (the visible platform trial), test 
groups administered COCP for 21, 42 and 63 days 
had signifi cantly (p ≤ 0.05) shorter escape latencies 
compared with the control group. On trial days 2-5 
(the hidden platform trial), the 21, 42 and 63 days 
COCP groups also had signifi cantly (p ≤ 0.05) shorter 
escape latencies on days 4 and 5, while the 21 days 
COCP group had a signifi cantly (p ≤ 0.05) shorter 
escape latency on day 3 compared with the control 
group (Figure 1).

Results are presented as Mean ± Standard error of mean n = 8
COCP ‒ Combined oral contraceptive pill
Fig. 1. Escape latency in the Morris water maze of the COCP and control groups
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Histomorphology study
The H & E stained histomorphology of the hippocam-
pal CA3 of the control group showed three layers, 
from the outside inwards; molecular, pyramidal and 
polymorphic. The molecular layer showed sparsely 
distributed cells, while the pyramidal layer had a 
large and dense population of pyramidal cells. The 
polymorphic layer also showed sparse cell distribu-
tion (Figure 2a).

The histomorphology of the hippocampal CA3 of the 
21 days COCP group showed large pyramidal neu-
rons having some karyorrhectic nuclei compared with 
the control group (Figure 2b). The histomorphology 
of the hippocampal CA3 of the 42 days COCP group 
showed slight atrophy and karyorrhexis of some of the 
pyramidal neurons compared with the control group 
(Figure 2c). The histomorphology of the hippocampal 
CA3 of the 63 days COCP group also showed slight 
atrophy and karyorrhexis of some of the pyramidal 

neurons compared with the control group (Figure 2d). 
Hippocampal CA3 cellular population was not diff er-
ent (p > 0.05) between the COCP test groups and the 
control group (Figure 2e).

The CFV stained histomorphology of the hippocam-
pal CA3 of the control group showed prominent large 
pyramidal (Py) neurons having normal histomorphol-
ogy (Figure 3a). The hippocampal CA3 of the COCP 
group for 21 days showed pyramidal neurons with 
shrunken and dense soma compared with the control 
group (Figure 3b). The hippocampal CA3 of the COCP 
group for 42 days showed pyramidal neurons with 
shrunken and dense soma compared with the control 
group (Figure 3c). The hippocampal CA3 of the COCP 
group for 63 days also showed pyramidal neurons with 
shrunken and dense soma compared with the control 
group (Figure 3d). Hippocampal CA3 neuronal popu-
lation was not diff erent (p > 0.05) between the COCP 
test groups and the control group (Figure 3e).

Fig. 2. The sections of the hippocampal CA3 and their cellular population in the control and the COCP groups administered for 21, 42 and 
63 days (H&E, × 400):
a. The hippocampal CA3 of the control group showing three layers; molecular (M), pyramidal (Py) and polymorphic (Pm) with normal 
histomorphology.
b. There were large pyramidal neurons with some karyorrhectic nuclei (arrow head) in the 21 days COCP group. 
c. There were slight atrophy (arrow) and karyorrhexis (arrow head) of some of the pyramidal neurons in the 42 days COCP group. 
d. There were slight atrophy (arrow) and karyorrhexis (arrow head) of some of the pyramidal neurons in the 63 days COCP group.
e. No signifi cant diff erence (p > 0.05) among groups
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Immunolabelling study
There was NSE expression in the hippocampal CA3 
pyramidal neurons of the control group (Figure 4a). 
NSE expression was decreased in the pyramidal 
neurons of CA3 in the 21 days COCP group com-
pared with the control group (Figure 4b). NSE ex-
pression was decreased in the pyramidal neurons of 
CA3 in the 42 days COCP group compared with the 
control group (Figure 4c). NSE expression was also 
decreased in the pyramidal neuron in the 63 days 
COCP group compared with the control group (Fig-
ure 4d). 

NSE labelled cells were signifi cantly lower (p ≤ 0.05) 
in the 21, 42 and 63 days COCP groups compared 
with the control group. There was no diff erence (p 
> 0.05) in the NSE labelled cells among the COCP 
groups (Figure 4e).

There was GFAP expression in the hippocampal 
CA3 of the control group especially in the processes 

(Figure 5a). There was increased GFAP expression 
especially in the soma and processes throughout the 
CA3 layers of the 21 days COCP group compared 
with the control group (Figure 5b). GFAP expression 
was increased in the soma and processes in the CA3 
layers of the 42 days COCP group compared with 
the control group (Figure 5c), while GFAP expression 
was also increased in the soma and processes of the 
CA3 layers of the 63 days COCP group compared 
with the control group (Figure 5d).

GFAP labelled astrocytes were signifi cantly lower (p ≤ 
0.05) in the 21 days COCP group, but not diff erent (p 
> 0.05) in the 42 and 63 days COCP group compared 
with the control group. GFAP labelled astrocytes in 
the 21 days COCP group were signifi cantly lower (p 
≤ 0.05) than the 42 and 63 days COCP groups. How-
ever, there was no diff erence (p > 0.05) in the GFAP 
labelled astrocyte between the 63 days COCP group 
and the 42 days COCP group (Figure 5e).

Fig. 3. The sections of the hippocampal CA3 and their cellular population in the control and the COCP groups administered for 21, 42 and 
63 days (CFV, × 400):
a. The hippocampal CA3 of the control group showing prominent large pyramidal (Py) neurons having normal histomorphology.
b. The hippocampal CA3 pyramidal neurons appear shrunken with dense nuclei (arrow head) in the 21 days COCP group. 
c. The hippocampal CA3 pyramidal neurons appear shrunken with dense nuclei (arrow head) in the 42 days COCP group. 
d. The hippocampal CA3 pyramidal neurons appear shrunken with dense nuclei (arrow head) in the 63 days COCP group.
e. No signifi cant diff erence (p > 0.05) among group
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Fig. 4. The sections of the hippocampal CA3 
and their NSE labelled population in the con-
trol and the COCP groups administered for 21, 
42 and 63 days (NSE, × 400):
a. There was NSE expression in the pyramidal 
neurons (arrow head) in the control group. 
b. There was decreased NSE expression in 
the pyramidal neurons (arrow head) in the 21 
days COCP group. 
c. There was decreased NSE expression in 
the pyramidal neuron (arrow head) in the 42 
days COCP group.
d. There was slight decreased NSE expres-
sion in the pyramidal neuron (arrow head) in 
the 63 days COCP group.
e. *** Signifi cantly diff erent at p ≤ 0.001 with 
the control group

Fig. 5. The sections of the hippocampal CA3 
and the GFAP labelled cellular population in 
the control and the COCP groups adminis-
tered for 21, 42 and 63 days (GFAP, × 400):
a. There was GFAP expression (arrow head) 
in the control group. 
b. There was increased GFAP expression with 
more prominent soma and processes (arrow 
head) in the 21 days COCP group. 
c. There was increased GFAP expression with 
more prominent soma and processes (arrow 
head) in the 42 days COCP group.
d. There was decreased GFAP expression 
with more prominent soma and processes (ar-
row head) in the 63 days COCP group.
e. **, *** Signifi cantly diff erent at p ≤ 0.01 and 
0.001, respectively, with the control group
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DISCUSSION 

The present study assessed spatial learning and the 
accompanying histomorphology of the CA3 brain 
area after combined oral contraceptive administra-
tion. In the MWM task, all the COCP test groups 
had shorter escape latencies in the visible and hid-
den platform trials. The MWM task is used to assess 
learning and memory in animals, and these animals 
utilize visual stimuli from extra-maze cues in the test 
room to form spatial orientation map in the brain [27, 
28, 29]. The COCP test group could be said to utilize 
their visual cues more eff ectively or that the control 
group animals swarm slower than the COCP groups, 
which may be a reason for the less escape latency. 
But similar dose of ethinyl estradiol alone in ovari-
ectomized rats did not impact working memory, but 
transiently impaired reference memory during the 
learning phase of testing [16]. In the case of levo-
norgestrel alone, it enhanced working memory in 
ovariectomized animals [19]. The diff erence may 
be due to limitation of the endogenous ovarian hor-
mones’ infl uence as in post-menopausal individuals 
in the reported results, and also may be due to the 
combined actions of the two hormones in the COCP 
groups of the present study.

Oral contraceptives have been reported to have 
physiological eff ects on areas of the brain that are 
associated with higher-order cognitive tasks and 
emotional brain reactivity [13, 30], and contraceptive 
users have been reported to perform better on tasks 
of reaction time, short-term memory, sustained at-
tention and emotional memory recall [8, 21, 31, 32]. 
The present results suggest that continual usage of 
COCP may not be advantageous for learning as the 
two hormones actions may be antagonistic.

In the histomorphology studies, some of the hippocam-
pal CA3 pyramidal neurons of the COCP test groups 
were atrophic and/or karyorrhectic with no diff erence 
in cell population compared with the control group. 
The morphological changes observed in this study in-
dicate that COCP may lead to stress or trauma to this 
brain area, irrespective of the duration of administra-
tion. COCP is reported to cause stress and also infl u-
ence the release of stress hormones [21, 33]. There 
are reports that hippocampal CA3 pyramidal neurons 
and those of the amygdala are aff ected by repeated 
restraint stress or a combination of daily stressors re-
sulting in atrophy or remodelling of hippocampal CA3 
pyramidal neurons [34, 35, 36]. Transient reduction in 
the number of dendritic spines and branches of pyra-
midal neurons in the CA3 was also reported when the 
hippocampus is stressed [37], which may also be a 
reason for the result of the present study.

The Cresyl violet stained hippocampal CA3 of all 
the COCP test groups showed shrunken and dense 
pyramidal neurons soma with no diff erence in cell 
population compared with the control group, indicat-
ing trauma to the pyramidal neurons with the COCP 
administration. This supports the previous results of 
the H and E sections in the present study. 

NSE expression was decreased in the pyramidal 
neurons of CA3 in all the COCP test groups, and 
these neuronal expressions were signifi cantly lower 
in the 21, 42 and 63 days COCP groups compared 
with the control group. NSE is a glycolytic enzyme 
that serves as a neuronal marker and as marker of 
neuronal functional metabolic activity [38, 39]. This 
enzyme has a neurotrophic and neuroprotective ef-
fects on neurons in the CNS mediated by specifi c 
binding to the neuronal surface [40], and serves as a 
good indicator of neuronal damage. Decreased NSE 
expression may indicate degradation of this cytosolic 
enzyme [41] in response to stress, with a resulting 
reduction in capacity for neuronal metabolism. It is 
reported that continuous stressors to the brain may 
result in decrease metabolic activity in the hippocam-
pus [42, 43]. Also, decreased NSE expressed cells 
may be an indicator of neuronal damage indepen-
dent of stress response. It is reported that ethinyl es-
tradiol reduced the number of cholinergic cells in the 
basal forebrain [16], and this may have aff ected the 
hippocampus also, as it is the site for estrogen recep-
tors, whose neurons project from the basal forebrain 
cells [44].

GFAP expression increased in the soma and pro-
cesses of the CA3 layers of all the COCP test groups, 
and these expressed astrocytes were signifi cantly 
lower in the 21 days COCP group, but not diff erent 
in the 42 and 63 days COCP group compared with 
the control group. Increased GFAP expression has 
been associated with the up-regulation of the GFAP 
protein in astrocytes, which usually arise follow-
ing injury or trauma to the central nervous system 
[45]. Thus, increased GFAP expression is essential 
for the process of reactive astrogliosis [46. 47], but 
this may be either physiological or pathological. As 
a physiological process, it may be protective to the 
neurons from the stress of the COCP which has been 
reported to cause hippocampal CA3 pyramidal atro-
phy and remodelling [21, 48], and supports the NSE 
decreased expression, vis its energy metabolism. 
However, if pathological, may result in a cascade of 
processes leading to degeneration [45]. Therefore, 
the increased GFAP expressions in the present study 
may be protective, but continuous stress on this brain 
area may lead to irreparable consequences. 
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The hippocampal CA3 is the brain area responsible 
for emotional learning and memory consolidation 
[23], and an important brain target for glucocorti-
coids, because of its high concentrations of gluco-
corticoid and other hormones receptors [7, 8, 49]. Its 
pyramidal cells are among the fi rst to be aff ected in a 
variety of conditions that lead to loss of memory and 
intellectual functions as well as morphological alter-
nations [34, 49, 50].

CONCLUSION

These preliminary results show that COCP infl u-
enced learning, and may reduce neuronal metabolic 
activity, while also increasing astrocytic activity in the 
hippocampal CA3. Although COCP action is not du-
ration dependent, it may be important clinically for the 
understanding of the infl uence of sex hormones on 
disorders related to spatial learning. 
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