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Abstract
Atorvastatin, a cholesterol-lowering drug blocks cholesterol production through inhibition of 3-hydroxy-3-methylglutaryl coenzyme A reductase. The therapeutic 
dose of the drug is regarded as safe, but does same apply if misused? This study therefore investigated the histology and structural protein expressions in hippocampal 
CA3 region in rat models. Thirty male albino Wistar rats weighing 170-210 g were selected into five groups (n=6), and divided into control, 10, 20, 40 and 80mg 
Atorvastatin (ATVS)/kg body weight of the animal by oral gavages and daily for 28 days. The animals were sacrificed 24 hours after the last drug administration by 
intracardial perfusion using 10% buffered formalin under ketamine hydocholride anaesthesia, and processed for histology using haematoxylin and eosin, and Cresyl 
fast violet methods. Representative sections were immunolabelled for neuron specific enolase (NSE) and glial fibrillary acidic protein (GFAP). Results showed 
significantly (p < 0.05) less body weight increase in the test groups, with pyknosis, hypertrophy, dark nuclei, less Nissl staining and significantly (p < 0.05) lower 
cellular population observed in the CA3 of the 20, 40 and 80 mg/kg ATVS groups. There was also decreased NSE and increased GFAP expressions in CA3 of the 
20, 40 and 80mg/kg ATVS groups compared with the control group. In conclusions, the misuse of ATVS influenced body weight increase and caused hippocampal 
CA3 histological modifications, as well as altering the balance of some structural protein expression. These effects were dose-dependent and may lead to loss of the 
hippocampal CA3 functional activity with resultant neurodegeneration.
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Introduction
Atorvastatin, one of the statins groups of drugs, is cholesterol-

lowering medication, which acts by blocking cholesterol production 
through the inhibition of 3-hydroxy-3-methylglutaryl coenzyme A 
(HMG-COA) reductase. The reductase then converts the HMG-COA 
to mevalonate, the rate-limiting step in cholesterol biosynthesis [1]. 
Atorvastatin is primarily used to treat dyslipidemia and the prevention 
of cardiovascular diseases [2,3]. The dose and potency of the statins 
used and individual responsiveness determines the magnitude of low 
density lipoprotein cholesterol (LDL-C) reduction and cardiovascular 
diseases benefit [4]. Thus, statins are the first choice agents for lowering 
LDL-C and non-high density lipoprotein cholesterol (HDL-C), which 
are important targets for pharmacotherapy, hence, are generally 
effective and remain the first choice treatment for high blood 
cholesterol levels [5,6]. Cholesterol is highly synthesized in the central 
nervous system during the time of active myelination which occurs 
in early neural development and however decreases in mature adult 
brains [7,8]. In adulthood, the level of cholesterol in the central nervous 
system (CNS) determines its normal functions, and this is independent 
of the systemic cholesterol level [9,10]. At this stage of life the CNS 
does not rely entirely on systemic cholesterol production, but on the 
brain’s inherent capacity to synthesise its own cholesterol because of 
the limited metabolic turnover during this stage of life [7]. The brain 
cholesterol is mostly synthesized de novo by astrocytes, as well as the 
reutilisation of free cholesterol arising from neuronal death [11,12]. As 
such, reductions in plasma cholesterol concentration following statin 
treatment are unlikely to cause acute disruption in CNS cholesterol 
homeostasis [13,14]. Nevertheless, cholesterol level is affected by statins 

if the neurons and glia functions are disrupted [9,15]. It is reported that 
loss of astrocytes cholesterol causes neurite impairment [15].

Atorvastatin is reported to have neuroprotective ability, including 
reduction of glial cell activation and cerebral oedema, and restoration 
of blood-brain barrier [16-21]. It also protects against traumatic brain 
injury models, and increases neurogenesis in the dentate gyrus, reduce 
delayed neuronal death in the hippocampal CA3 region, improve 
spatial learning in rat after traumatic brain injury, and is also reported 
to improve memory [16,22,23].

Negative impact of statins especially on the central nervous system 
has also been reported. Statins are reported to have negative effects on 
cognition, induction of neurite inhibition and proliferation, with morbidity 
and mortality effects in high-risk conditions also reported [24-26].

The therapeutic dose of ATVS has shown neuroprotective effects 
on the hippocampal function, but could same be obtained if misused? 
Brain cholesterol has been associated with a half-life of from 6 months 
to 5 years, requiring chronic statin therapy before significant effects 
on the CNS cholesterol is observable [27-29]. However, can there be 



Samuel GB (2018) Atorvastatin misuse alters histological and protein expression in the hippocampal CA3 region of male rat models

J Tre Bio Res, 2018         doi: 10.15761/JTBR.1000102  Volume 1(1): 2-7

histological changes due to overdose? The present study examines the 
hippocampal protective ability in situations of abuse as underscored 
in the expression of neuron specific enolase and glial fibrillary acidic 
protein.

Materials and methods
Thirty (30) male albino Wistar rats weighing between (170 - 210 

g) were obtained from the Animal House facility of the College of 
Health Science, University of Uyo, Nigeria for this study. Prior to the 
experiment, ethical permission was obtained from the Faculty of Basic 
Medical Sciences Ethical Committee, and the animals were handled 
according to the guidelines of the National Institute of Health of the 
United States of America.

The animals were housed in wooden cages designed with wire 
guage roof for ventilation and with provisions for feed and water. They 
were acclimatized for 3 days before the start of the experiment and 
maintained under controlled environmental conditions (temperature: 
25 ± 5oC and 12 hour dark/ light cycle). All animals were given feed 
twice daily and were allowed access to water ad libitum. The cages were 
cleaned and beddings changed twice a week.

The animals were randomly selected on the basis of average 
weight into five study groups of six rats each. 10 mg of Atorvastatin 
(ATVS) was solubilized in 40 ml of distilled water and made into a 
concentration of 0.25 mg/ml. After acclimatization period, the rats 
were subjected to different dosages of the drug with group 1 (control) 
receiving an equivalent volume of water as placebo. The test groups: 2-4 
received oral doses of 10, 20, 40 and 80 mg ATVS/ kg body weight for 
28 days respectively. The body weights were measured prior and after 
the experiment to determine body weight changes (if any).

At the end of drug treatment period (on the 28th day), the animals 
were fasted overnight (12hrs) and each animal was anaesthetized 
with 60 mg/kg ketamine hydrochloride (Rotex Medical, Germany) 
intraperitoneally. Incision was made through the thoraco-abdominal 
wall to the thoracic cavity and perfusion-fixed with 10% neutral 
buffered formalin intracardially. The fixed brain was removed and 
post-fixed in 10% neutral buffered formalin for 24 hours. Thereafter, 
the hippocampal region of all the brains were excised and routinely 
processed for paraffin wax embedding. Serial sections were obtained 
at 10 µm, and representatives sections were processed for histological 
studies with haematoxylin and eosin, as well as Cresyl fast violet. The 
other sections were immunolabelled with neuron specific enolase 
(NSE) and glial fibrillary acidic protein (GFAP).

Briefly, serial paraffin sections on slides were brought to water 
and antigen retrieval was performed using citrate buffer (pH 6.0) in 
a microwave oven for 5 minutes, followed by protein block using 
3% hydrogen peroxide for 10 minutes. Sections were thereafter pre-
incubated in 2% normal goat serum for 30 minutes and incubated 
in monoclonal mouse anti-enolase-2 (Novocastra, Leica Biosystems, 
22C9, 1:100) for neuron specific enolase and mouse monoclonal anti 
GFAP (Novocastra, Leica Biosystems, NCL-L-GFAP-GA5, 1:100) for 
GFAP, followed by 1-hour incubation in goat anti-mouse secondary 
antibody (1:100) for an hour. Detection of reaction was by means of 
the avidin-biotin complex with diaminobenzidine as the chromagen. 
Sections were then counterstained with Harris haematoxylin, 
dehydrated, cleared and cover slipped with DPX (distyrene, plasticizer 
and xylene). Processed slides were viewed under the light microscope 
and photomicrographs obtained using a computer assisted digital 
microscope’s camera.

Cellular density was determined manually by means of ImageJ® 
software. Briefly, images of the whole hippocamapal CA3 region 
were 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.

Statistical analysis

One-way analysis of variance using Graphpad Prism was carried out, 
followed by post hoc Tukey’s test. Data obtained were expressed as mean ± 
standard deviation. Probability level of p < 0.05 was considered significant.

Results
Body weight change

There were increased body weights of animals in all the groups. 
However, there were significantly (p < 0.05) lower body weight increases 
in the test groups compared with the control group. No difference was 
observed among the test groups (Table 1 and Figure 1).

Histomorphology of the Hippocampal CA3

The hippocampal CA3 region had normal three cortical layers; 
molecular, pyramidal and polymorphic. In the control group the 
molecular layer consisted mostly of nerve processes with sparse cellular 
population. The pyramidal layer was made up of dense pyramidal cells, 
while the polymorphic layer was mostly nerve processes with sparse 
cellular population (Figure 2A). The hippocampal CA3 region of 

Groups
(n = 6)

Initial Body Weight (g)
P < 0.0001
F = 71.18

Final Body Weight (g)
P = 0.0052
F = 4.805

Body Weight Gain (g)
P < 0.0001
F = 11.71

Control 174.33 ± 6.33 224.33 ± 19.87 50.00 ± 13.45
10 mg ATVS 179.83 ± 5.03 c,d,e 192.50 ± 20.75*,b 12.67 ± 15.72 ***
20 mg ATVS 192.5 ± 2.09 ***,d 205.33 ± 17.67 NS 12.83 ± 15.58 ***
40 mg ATVS 205.33 ± 1.75 *** 209.50 ± 8.41 NS 4.19 ± 6.66 ***
80 mg ATVS 210.67 ± 5.57 ***,c 230.33 ± 15.00 NS 19.66 ± 9.43 **

Table 1. The Body Weight Change of the Experimental Groups

Data presented as Mean ± Standard Deviation
*	 Significantly different from the control group at p < 0.05
**	 Significantly different from the control group at p < 0.01
***	 Significantly different from the control group at p < 0.001
b	 Significantly different from the control group at p < 0.001
c	 Significantly different from the control group at p < 0.001
d	 Significantly different from the control group at p < 0.001
NS	 Nor significantly different from the control group at p < 0.05
ATVS	 Atorvastatin
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Figure 1. The Percentage Body Weight Change of the Experimental Groups
Data presented as Mean ± Standard Deviation
**	 - Significantly different from the control group at p < 0.01
***	 - Significantly different from the control group at p < 0.001
ATVS	 - Atorvastatin
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the 10 mg/kg ATVS group showed amorphous pyramidal cell nuclei 
compared with the control group (Figure 2B). The hippocampal CA3 
region of the 20 mg/kg ATVS group showed the pyramidal cells having 
pyknotic nuclei compared with the control group (Figure 2C).

The hippocampal CA3 region of 40 mg/kg ATVS group showed 
hypertrophied and pyknotic pyramidal cells, as well as cells of the 
polymorphic layer compared with the control group (Figure 2D), 
while the hippocampal CA3 region of the 80 mg/kg ATVS group also 
showed pyknotic pyramidal cells, as well as cells of the polymorphic 
layer compared with the control group (Figure 2E).

There was no difference in cell population between the 10 mg/kg 
ATVS group, but significantly (p < 0.05) lower number of cells in the 
20, 40 and 80 mg/kg ATVS groups compared with the control group. 
The 20, 40 and 80 mg/kg ATVS groups were significantly (p < 0.05) 
lower than the 10 mg/kg ATVS group, while the 20 mg/kg ATVS 
was significantly (p < 0.05) higher than the 40 mg/kg ATVS group. 
However, there was no difference between the cell population of the 20 
mg/kg ATVS and 80 mg/kg ATVS groups as well as between the 40 mg/
kg ATVS and 80 mg/kg ATVS groups (Figure 3).

Nissl staining of the hippocampal CA3

The hippocampal CA3 region of the control group showed 
prominent Nissl stained cells, which was same with that of the 10 mg/

kg ATVS of group (Figure 4A,4B). The hippocampal CA3 region of 
the 20 mg/kg ATVS group showed hypertrophied cells with less Nissl 
staining (Figure 4C), while the hippocampal CA3 region of the 40 and 
80 mg/kg ATVS groups showed some dark cells with some having less 
Nissl staining compared with the control group (Figure 4D,4E).

There was no difference in cell population between the 10 and 40 
mg/kg ATVS groups, but significantly (p < 0.05) lower number of cells 
in the 20 and 80 mg/kg ATVS groups compared with the control group. 
The 20 and 80 mg/kg ATVS groups were significantly (p < 0.05) lower 
than the 10 mg/kg ATVS group. However, there was no difference 
between the cell population of the 20 mg/kg ATVS and the 40 and 80 
mg/kg ATVS groups, as well as between the 40 mg/kg ATVS and 80 
mg/kg ATVS groups (Figure 5).

Neuron Specific Enolase (NSE) Immunolabelling
The hippocampal CA3 region of the control group showed 

cytosolic NSE expression throughout the pyramidal cells, with the 
soma clearly revealed, while the hippocampal CA3 region of the 10 
mg/kg ATVS group showed reduced NSE expression in the pyramidal 
cells compared with the control group (Figure 6A,6B). In the 20, 40 
and 80 mg/kg ATVS groups, NSE expression was also reduced in the 
pyramidal cells of the hippocampal CA3 region compared with the 
control group (Figure 6C-6E).

There was no difference in NSE-labelled cell population between 
the 10 mg/kg ATVS group, but significantly (p < 0.05) lower number 
of cells in the 20, 40 and 80 mg/kg ATVS groups compared with the 
control group. The 40 and 80 mg/kg ATVS groups were significantly 
(p < 0.05) lower than the 10 mg/kg ATVS group, while the 20 mg/ 
kg ATVS group was significantly (P < 0.05) higher than the 80 mg/
kg ATVS group. However, there was no difference between the NSE-
labelled cell population of the 20 mg/kg ATVS and the 10 and 40 mg/
kg ATVS groups, as well as between the 40 mg/kg ATVS and 80 mg/kg 
ATVS groups (Figure 7).

Glial Fibrillary Acidic Protein (GFAP)

The control group showed GFAP expression throughout the 
hippocampal CA3 region layers with the soma and processes of the 
astrocytes clearly revealed (Figure 8A). In the 10 mg/kg ATVS group, 
GFAP was expressed throughout the hippocampal CA3 region layers, 
but mostly in the processes of the astrocytes compared with the control 
group (Figure 8B). In the 20, 40 and 80 mg/kg ATVS groups, GFAP was 
much expressed throughout the hippocampal CA3 region layers in the 
soma and processes of the astrocytes compared with the control group 
(Figure 8C-8E).

 

Figure 2. Photomicrographs of the hippocampus of the experimental animals. Molecular 
(M); Pyramidal (Py); Polymorphic (Pm) layers. H & E, × 400
A: The hippocampus if the control group showing the molecular layer with sparse cellular 
population. The pyramidal layer consists of dense pyramidal cells (arrows), and the 
polymorphic layer also has sparse cellular population.
B: The hippocampus of 10mg/kg ATVS group showing amorphous pyramidal cells 
(arrows).
C: The hippocampus of 20mg/kg ATVS group showing pyknotic pyramidal cells (arrows).
D: The hippocampus of 40mg/kg ATVS group showing hypertrophied and pyknotic 
pyramidal cells (arrows).
E: The hippocampus of 80mg/kg ATVS group showing pyknotic pyramidal cells (arrows).
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Figure 3. Cellular population of the Experimental Groups
Data presented as Mean ± Standard Deviation
***	 - Significantly different from the control group at p < 0.001
ATVS	 - Atorvastatin
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There was no difference in GFAP-labelled astrocyte population 
between the 10 mg/kg ATVS group, but significantly (p < 0.05) higher 
number of GFAP-labelled astrocytes in the 20, 40 and 80 mg/kg ATVS 
groups compared with the control group. The 20, 40 and 80 mg/kg 
ATVS groups were significantly (p < 0.05) higher than the 10 mg/kg 
ATVS group, while the 20 mg/kg ATVS group was significantly (P < 
0.05) higher than the 80 mg/kg ATVS group. However, there was no 
difference between the NSE-labelled cell population of the 20 mg/kg 
ATVS and the 40 mg/kg ATVS groups, as well as between the 40 mg/kg 
ATVS and 80 mg/kg ATVS groups (Figure 9).

 

Figure 4. Sections of the CA3 of the experimental animals. Molecular (M); Pyramidal (Py); 
Polymorphic (Pm) layers. CFV, × 400
A: The CA3 of the control group showing prominent Nissl stained cells (arrows).
B: The CA3 of 10mg/kg ATVS group showing prominent Nissl stained cells (arrows).
C: The CA3 of 20mg/kg ATVS group showing hypertrophied cells (arrows).
D: The CA3 of 40mg/kg ATVS group showing some dark cells (arrows).
E: The CA3 of 80mg/kg ATVS group showing some dark cells (arrows).

Figure 6. Photomicrographs of the hippocampus of the experimental animals. molecular 
(M), pyramidal (Py) and polymorphic (Pm) layers. NSE, ×400
A: The hippocampus of the control group showing NSE expression (arrows) throughout the 
pyramidal cells of the hippocampus with the cell bodies clearly revealed.
B: The hippocampus of the 10mg/kg ATVS group showing reduced NSE expression 
(arrows) in the pyramidal cells of the hippocampus.
C: The hippocampus of 20mg/kg ATVS group showing reduced NSE expression (arrows) 
in the pyramidal cells of the hippocampus.
D: The hippocampus of 40mg/kg ATVS group showing reduced NSE expression (arrows) 
in the pyramidal cells of the hippocampus.
E: The hippocampus of 80mg/kg ATVS group showing reduced NSE expression (arrows) 
in the pyramidal cells of the hippocampus.
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Figure 5. Cellular population of Cresyl stained Cells of the Experimental Groups
Data presented as Mean ± Standard Deviation
**	 - Significantly different from the control group at p < 0.01
ATVS	 - Atorvastatin

0

100

200

300

** *** ***

Control
10 mg/kg ATVS
20 mg/kg ATVS
40 mg/kg ATVS
80 mg/kg ATVS

Group

N
SE

 L
ab

el
le

d 
C

el
ls

Figure 7. NSE-labelled Cell Population of the Experimental Groups
Data presented as Mean ± Standard Deviation
**	 - Significantly different from the control group at p < 0.01
***	 - Significantly different from the control group at p < 0.001
ATVS	 - Atorvastatin
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Discussion
This study assessed the effects of the abuse of one of the statins, 

ATVS on body weight, and the histology and some protein expression 
of the hippocampal CA3 region of adult Wistar rats. The results 
showed less body weight increase in the test groups compared with the 
control group, with no difference among the test groups. This result 
indicates that the given dose of ATVS significantly alter body weights 
increase. Body weight is measured by the amount of fat deposits, 
which reflect in part the rate of caloric intake [30]. It is reported that 
statins lower body cholesterol levels, which may have been the results 
observed in the present experiment [5]. Cholesterol deposition may 
be a means by which body weight increase occur together with other 
lipid components [30,31]. Thus, this protective activity will ensure 
protection of the cardiovascular system, as increased adiposity usually 
result in damage to endothelial cells of arteries and capillary vessels, 
decrease in blood flow, impairment of metabolism, and the decrease in 
nutritive and oxygen levels in the brain [32]. As the CNS lipid deposits 
are not directly proportional to the systemic deposits, this may not 
have applied to the brain area under study [33].

As the interest of the present study was on memory consolidation, 
the hippocampal CA3 was paramount in this research. The histology 
of the hippocampal CA3 of the 10 mg/kg ATVS group showed 
amorphous pyramidal cells, with that of the 20 mg/kg ATVS group 
showing pyknosis and less Nissl staining. In the 40 mg/kg and 80 
mg/kg ATVS groups, the polymorphic layer and the pyramidal cells 
appeared hypertrophied with pyknotic nuclei and some dark nuclei 
with less Nissl staining in others. There was significantly (p < 0.05) 
lower number of cells in the 20, 40 and 80 mg/kg ATVS groups 
compared with the control and the 10 mg/kg ATVS groups, while there 
was no difference in cell population between the 10 mg/kg ATVS and 
control groups. Pyknosis indicates cell death process and is the most 
characteristic feature of apoptosis [34]. In adults, apoptosis occurs as 
a homeostatic mechanism to maintain cell populations in tissues, and 
also as a defence mechanism against damage [35]. This may have been 
the case in the hippocampal CA3 of the present study.

There was no difference in cell population in the hippocampal 
CA3 between the 10 mg/kg ATVS group compared with the control 
group, an indication that at therapeutic doses adverse effects may not 
be established. Therapeutic level of most statins is regarded as safe [36]. 
However, lower cellular population were observed in the 20, 40 and 80 
mg/kg ATVS groups compared with the control group, an indication 
that higher dosages of this statin can cause cell death processes 
resulting in cellular loss. This corroborates the cell death process 
already observed. Ekong et al. [37] reported that rat brain tissues loss 
of cells is indicative of neurodegenerative process, which may be the 
case in the present study.

Brain tissue biomarkers are mainly derived from neurons or 
astrocytes [38,39]. Hence, NSE and GFAP were used in the present 
study. NSE is an isoenzyme in the cytoplasm of neurons which marks 
the integrity and activity of neurons [40-42]. In the present study, there 
was decreased NSE expression in the pyramidal cells of the hippocampal 
CA3 region of the 10, 20, 40 and 80 mg/kg ATVS groups, with lower 
population of cells in the 20, 40 and 80 mg/kg ATVS groups compared 
with the control group. These are indications of the decreased neuronal 
glycolysis or neuronal degeneration. Decreased neuronal glycolysis 
leads to a concomitant reduction in neurotransmitter production 

 

Figure 8. Photomicrographs of the hippocampus of the experimental animals. molecular 
(M), pyramidal (Py) and polymorphic (Pm) layers. GFAP, ×160
A: The hippocampus of the control group showing GFAP expression throughout the 
hippocampus layers, with. the cell bodies and processes of the astrocytes clearly revealed.
B: The hippocampus of 10mg/kg ATVS group showing GFAP expression throughout the 
hippocampus layers especially in the processes of the astrocytes.
C: The hippocampus of 20mg/kg ATVS group showing marked GFAP expression 
throughout the hippocampus layers, with the cell bodies and processes of the astrocytes 
clearly expressed.
D: The hippocampus of 40mg/kg ATVS group showing marked GFAP expression 
throughout the hippocampus layers, with the cell bodies and processes of the astrocytes 
clearly expressed.
E: The hippocampus of 80mg/kg ATVS group showing marked GFAP expression 
throughout the hippocampus layers, with the cell bodies and processes of the astrocytes 
clearly expressed.
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Figure 9. GFAP-labelled Astrocyte Population of the Experimental Groups
Data presented as Mean ± Standard Deviation
*	 - Significantly different from the control group at p < 0.05
**	 - Significantly different from the control group at p < 0.01
***	 - Significantly different from the control group at p < 0.001
ATVS	 - Atorvastatin
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and axonal transport and this is usually associated with degenerative 
processes [42].

In the 10 mg/kg ATVS group, GFAP was expressed throughout 
the hippocampal CA3 region layers, but mostly in the processes of the 
astrocytes, while in the 20, 40 and 80 mg/kg ATVS groups, GFAP was 
much expressed throughout the hippocampal CA3 region layers in the 
soma and processes of the astrocytes, with higher population of GFAP-
labelled astrocytes in the 20, 40 and 80 mg/kg ATVS groups compared 
with the control group. GFAP is the hallmark intermediate filament 
protein in astrocytes, with increased expression indicating the up-
regulation of the GFAP protein in the astrocytes, an astroglial activation 
or astrogliosis process, which is known to occur following CNS trauma 
and also in the process of neurodegeneration [43,44]. Astrocytes have 
a range of control and homeostatic functions in health and disease 
[45]. It has also been reported as a blood biomarker, released during 
neurodegenerating process into the surrounding interstitial fluid 
where it appears in the peripheral blood likely via disruptions in the 
blood-brain barrier [46].

The hippocampal CA3 region is an integral portion of the 
hippocampal formation and its pyramidal cells serve to connect 
the dentate gyrus and CA1 [47]. It plays an important role in the 
encoding of new spatial information within short-term memory and 
also important for encoding of spatial information requiring multiple 
trials including the acquisition of arbitrary and relational associations 
[48]. These processes may be altered with statin administration due to 
neuronal and glia injuries that may initiate cellular death processes.

Conclusion
The abuse of ATVS influences body weight increase and caused 

hippocampal CA3 histological modifications, as well as altering the 
balance of some structural protein expression. These effects were dose-
dependent and may lead to loss of the hippocampal CA3 functional 
activity with resultant neurodegeneration.
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