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Effect of creatine supplementation on cognitive performance
and apoptosis in a rat model of amyloid-beta-induced Alzheimer's
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ABSTRACT
Objective(s): Neuroprotective effect of creatine (Cr) against β-amyloid (Aβ) is reported in an in vitro
study. This study investigated the effect of Cr supplementation on β-amyloid toxicity in vivo.
Materials and Methods: Thirty two, male Wistar rats were divided into 4 groups. During ten weeks of
study, control group went through no surgical or dietary intervention. At the 4th week of study Sham
group had a hippocampal normal saline injection, while Aβ and AβCr groups had an β-amyloid
injection in the hippocampus. AβCr group were fed by Cr diet during the study. After 10 weeks, Morris
water maze (MWM) test was administered to measure learning ability and memory retrieval. Animals
were sacrificed for TUNEL anti apoptotic assay and staining of amyloid plaques by Thioflavin-T.
Results: There was a significant retention deficit among AβCr and Aβ group while the escape latency
and the distance traveled to the platform were significantly higher in AβCr group compared to Aβ
group. AβCr group had same percent of TUNEL positive neurons compared to Aβ group.
Conclusion: Cr supplementation before and after β-amyloid injection into the CA1 area of
hippocampus deteriorates the learning and memory impairment of rats and it does not protect
neuronal apoptosis caused by β-amyloid.
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Introduction

Creatine (Cr) is endogenously produced from the
biosynthesis of glycine, arginine, and methionine in
kidneys, liver, pancreas, and possibly the brain. It can
also be obtained from high-protein foods (1).
Nowadays, Cr dietary supplement is widely used by
athletes to enhance their physical performance (2).
There are pieces of evidence on the protective effects of
Cr on muscles, heart (3), nervous system, and brain
function (4).
Elevated Cr level in human and rodents’ brain have
been reported following oral supplementation of Cr (57). There are also studies on changes in serotonin and
dopamine regulators of athletes’ brain (8) and in
depression-like behavior of rodents after a period of Cr
supplementation (1). Some human studies have
confirmed better cognitive performance following the
supplementation of Cr in adequate doses (4, 9-11).
According to the literature, oral Cr supplementation

may impose neuroprotective effects on experimental
animal models of Huntington’s disease (6, 12, 13).
Alzheimer's disease (AD) is the main cause of
dementia in elderly (14). Two core features of the AD
are neurofibrillar tangles, which are intracellular
aggregates of hyperphosphorylated tau protein, leading
to neuronal malfunction (15, 16), and amyloid plaques,
which are heterogenous aggregates found in extracellular space mainly containing β-amyloid (Aβ)
peptide (17). Accumulation of amyloid inside neurons
may contribute to the development or exacerbation of
the AD (18). Cr is responsible for energy homeostasis in
neurons and can protect the neurons exposed to
neurotoxins by promoting their energy levels. It may be
the probable mechanism behind neuroprotective role
of Cr against the toxic effects of β-amyloid peptide in
cell culture of hippocampal neurons (19). Furthermore,
the discovery of Cr deposits in the brain of transgenic
AD mice and in the hippocampus of AD patients
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indicates an association between cellular energy levels,
β-amyloid, Cr metabolism, and AD (20). In this respect
it may be speculated whether Cr supplementation at an
early time point of the disease can prevent or delay the
course of AD-related neurodegeneration (21).
Despite the numerous efforts and studies conducted in
the field, there is no clinical or in vivo study to provide
adequate proofs about the neuroprotective effects of Cr
supplementation on the AD. Considering the neuroprotective effect of Cr against β-amyloid toxicity in vitro and
positive effects of Cr supplementation on improving the
cognitive performance in healthy individuals, the present
study was performed to investigate the effects of oral
supplementation of Cr on β-amyloid toxicity in vivo.

Materials and Methods

Study design
Thirty two male Wistar rats (4 month of age and
weighting of 200-250 g) were obtained from Pasteur
Institute of Iran, Research, Production and Education
centre, (Tehran, Iran). They were caged at a constant
temperature of 21±1 °C with controlled 12 hr/12 hr
light-dark cycles, and ad libitum access to food and
water. The rats were given at least one week to
habituate to the facilities, and then experimental
procedures began. All the guidelines of the Committee
of Care in the Use of Experimental Animals were
followed, and the study procedures were approved by
the Ethics Committee of Tehran University of Medical
Sciences. Efforts were made to minimize animal
suffering and reduce the number of animals used.
The animals were divided into four groups (n=8 per
group): control, sham, Aβ (β-amyloid injection, no Cr
supplementation), and AβCr (β-amyloid injection, Cr
supplementation). The control group had no surgical or
dietary intervention during the study. AβCr group
received Cr monohydrate powder mixed in their chow
(2% Cr/diet) and other groups received normal chow
diet for four weeks. Then animals in the sham, Aβ, and
AβCr groups underwent stereotaxic surgery. Those in
the Aβ and AβCr groups were given a bilateral
β-amyloid peptide injection in the CA1 hippocampus
(0.5 µg/µl), while the sham group received a normal
saline injection in the same area of the brain. After
surgery, the AβCr group continued receiving 2% Cr diet
while the other groups maintained their normal chow
diet (Figure 1).
Surgery procedure
Human β-amyoid peptide 1-42 (Sigma-Aldrich,
USA) was solved in 0.1 M phosphate buffer saline (PBS;
pH=7.4) and then aliquoted and stored at -70 °C until
use. Every aliquot was incubated at room temperature
for 48 hr before injection. The animals were anesthetized with intra peritoneal ketamine (100 mg/kg) and
xylazine (10 mg/kg) and then injected bilaterally under
stereotaxic Conditions with β-amyloid or normal saline
into the CA1 hippocampus (AP=3.9 mm, LR=2.2 mm,
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Figure 1. Study design
Aβ: β-Amyloid; Cr: Creatine
*Morris Water Maze

D=2.7 mm). Injections were performed at a rate of
0.5 µl/min using a Hamilton syringe attached to the
stereotax apparatus. Four microliters of β-amyloid
(0.5 µg/µl) solution was injected in every
hippocampus, and the needle was kept in place for
one min after injection before being slowly retracted
(Figure 1).
Supplementation
Two percent of Cr (Sigma-Aldrich, USA) was
mixed into the normal chow using an electric mill
according the previous studies (6, 12, 13). After
adding some water and cutting the paste, the Cr and
chow mixture were being dried in a 30-45 min
exposure to a continuous warm air stream. Animals
in the AβCr group had freely access to this mixed
food (Figure 1).
Morris Water Maze (MWM) Apparatus, Habituation
and Procedure
The Morris water maze procedure was performed
6 weeks after the β-amyloid injection. Water maze
consisted of a pool (155 cm in diameter) filled with
water (21±1˚C) to a level 10 cm from the edge of the
tank. A transparent Plexiglas platform (10 cm
diameter) was located 1.5 cm below the surface in
the eastern quadrant of the tank (target quadrant).
Climbing onto the platform was the only way to
escape from water. The walls surrounding the pool
were decorated with distinct extra maze spatial cues,
which were kept in fixed positions during the entire
experiment to allow the animals to find the hidden
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platform. The animals’ movements were recorded by
a CCD camera (Panasonic Inc, Japan) hanging from
the ceiling above the MWM apparatus, and
locomotion tracking was measured using Ethovision
software (version XT7, the Netherlands), a video
tracking system for automated analysis of animal
behavior.
Twenty-four hr before starting the hidden
platform training, rats were given 60 sec to swim in
the tank without the platform in order to adapt to the
environment.
The reference spatial learning and memory tests
were carried out based on the procedure previously
conducted in our laboratory with some modifications
in training; the platform was submerged in the
eastern quadrant of the pool. Its place remained
unchanged throughout training, but animals were
released into the water (while facing the tank wall)
from different locations chosen randomly from the
south, north, west, northwest and southwest. Rats
were given one training session per day for three
consecutive days. Each session consisted of four
trials with 1-min inter-trial intervals. The animals
were allowed to swim for 60 sec to localize the
platform’s position in the tank. The rats which did
not find the platform within 60 sec, were directed
into it and were allowed to rest on it for 10 sec.
Twenty-four hr after the third session; the spatial
probe test was performed. During this test, the
platform was removed, and rats were allowed to
swim for 60 sec before getting removed. Animals
were released into the water at a location near the
platform. Behavior was recorded with a video
tracking system. Escape latencies, time spent in
target quadrant, and swim speed were wholly
recorded for subsequent analysis.
Histological tests
The rats were anesthetized and their brains were
fixed through a transcardial perfusion (normal saline
and 4% paraformaldehyde solution) within 24 hr
after the spatial probe test. After that, the brains
were kept in a 4% paraformaldehyde solution. In
preparation for the histological staining, the brains
were embedded with paraffin, cut into consecutive 5
µm transverse sections by a microtome, and placed
on the poly-D-lysine-coated glass slides. Alternate
sections were used for Thioflavin-T and TUNEL
staining. In order to detect β-amyloid plaques in
brain sections Thioflavin-T (Sigma-Aldrich, USA) was
used for staining. Brain sections were deparaffinized
in xylene, rehydrated, covered with Thioflavin-T
solution (0.5% Thioflavin-T in 0.1N HCl), and
incubated in dark room at room temperature for
10 min. Slides were immersed in distilled water
twice before being observed through a fluorescent
microscope.
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In order to detect apoptotic neurons in brain
sections, the TUNEL staining protocol was performed
using TUNEL Apoptosis Detection Kit, (Millipore,
UK). Brain sections were deparaffinized in xylene,
rehydrated, immersed in PBS, and then incubated at
37 °C for 30 min. Out of PBS, sections were covered
with diluted protein kinase and incubated at 37 ˚C
for 20 min. To halt protein kinase activity, sections
were washed in PBS solution (4×2 min). Each brain
section was covered with 50 µl TdT (Terminal
deoxynucleotidyl transferase) buffer for 10 min. The
TdT buffer was removed using a sampler, and then
each section was covered with 50 µl TdT mixture
solution (90% TdT buffer, 5% dUTP-biotin, 5% TdT)
and incubated for 60 min at 37 °C. Slides were
washed for 5 min by immersing in TB buffer at room
temperature and then dipping in PBS (4×2 min).
After the washing process, sections were covered
with 50 µl of blocking solution and incubated for
20 min at room temperature. After removing the
blocking buffer with a sampler, 50 µl Avidin-FTC
mixture (1 part Avidin FTC, 9 parts blocking
solution) was used for each section, and slides were
incubated at 37 ˚C for 30 min in a dark room. To
obtain the mean percentage of apoptotic neurons in
the hippocampus area, 3 brain sections were chosen
randomly from each subject and the number of
TUNEL positive and negative cells was counted in
three adjacent 400X microscopic fields.
Statistical analysis
The data were presented as mean±SE and
processed by the Statistical Package for Social Sciences
(version 16.0; SPSS Inc., Chicago, Illinois, USA). Mean
escape latency, distance traveled to the platform, time
spent in target quadrant in MWM test and also mean
percentage of apoptotic cells were analyzed. All the
groups were compared using one-way ANOVA test.
Comparing sham and Aβ and also Aβ and AβCr was
carried out using one-way ANOVA, least significant
difference (LSD) post hoc comparison. P-value<0.05
was considered as significance level for all
comparisons. Study design is presented in Figure 1.

Results

According to the obtained results, β-amyloid
plaques were found in the brain sections of the animals
in either AβCr or Aβ groups, except for the shamoperated group and the control group (Figure 2).
Although the rats in Aβ group had higher mean
escape latency than the sham (27.9±0.53 vs 20.9±0.99,
P=0.003) and control (27.9±0.53 vs 17.25±1.19,
P=0.0001) groups, however, they showed better
performance compared to the AβCr group (27.9±0.53
vs 33.22±1.56, P= 0.009). Overall, the results indicated
learning impairment in both AβCr and Aβ groups, but,
Cr supplementation imposed a deterioration effect
on learning function of rats after β-amyloid injection
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Figure 2. Thioflavin-T staining of amyloid plaques. Arrows show the amyloid plaques in the brain section derived from β-amyloid injected
(without creatine supplementation) rats. No amyloid plaque is visible in the brain section of the rat from sham group. Obiective × 10

Figure 3. Mean escape latency during three days of training in
study groups
Aβ: Aβ injection, no creatine supplementation. AβCr: Aβ injection,
creatine supplementation before and after Aβ injection. Sham:
Sham surgery with no creatine supplementation. Control: Control
group with no surgical and nutritional intervention; Results are
presented as mean±SE

(Figure 3). This was confirmed by comparing the
average distance traveled by the rats to find the
platform in training trials (Figure 4).
During the probe test, animals in Aβ group spent
less time in the target quadrant (31.99±0.78) than
those in the sham (35.9±0.91) and control (33.57±2.58)
groups but these differences were not statistically
significant (P=0.16 & P=0.56 respectively). However,
AβCr group members spent less time in the target
quadrant (27.67±1.55) compared to sham group
(P=0.003) and the Aβ group, but the difference between
Aβ and AβCr groups did not reach statistical
significance (P=0.083). This reflects the negative effect
of oral Cr supplementation on memory retrieval ability
of rats after β-amyloid injection (Figure 5). As
mentioned earlier, the TUNEL staining protocol was
performed to detect apoptotic neurons in the brain
sections (Figure 6). As the Figure suggests, the brain
sections of the rats in the AβCr and Aβ groups
contained more TUNEL-positive neurons than those in
the sham group. The percentage of TUNEL-positive
neurons counted in the brain sections of the rats in the
Aβ (24.00±4.45 percent) and AβCr (25.33±5.04
percent) groups was significantly higher than those
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Figure 4. Mean distance traveled to the platform during three
days of training in study groups
Aβ: Aβ injection, no creatine supplementation. AβCr: Aβ injection,
creatine supplementation before and after Aβ injection. Sham:
Sham surgery with no creatine supplementation. Control: Control
group with no surgical and nutritional intervention; Results are
presented as mean±SE Comparing Sham & Control groups
(P=0.444), Sham & Aβ groups (P=0.003) and Aβ & AβCr groups
(P=0.019) was carried out using one-way ANOVA, least significant
difference (LSD) post hoc comparison

Figure 5. Mean time spent in target quadrant in probe test in
different groups
Aβ: Aβ injection, no creatine supplementation. AβCr: Aβ injection,
creatine supplementation before and after Aβ injection. Sham:
Sham surgery with no creatine supplementation. Control: Control
group with no surgical and nutritional intervention; Results are
presented as mean±SE
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Discussion

Figure 6. TUNEL staining. Arrows show the TUNEL positive
neurons in the picture of the brain section
β-amyloid injected rats (Aβ & AβCr groups) have more TUNEL
positive neurons compared to the rats in the sham group.
Objective × 40
Aβ: β-amyloid injection, no creatine supplementation. AβCr: βamyloid injection, creatine supplementation before and after βamyloid injection. Sham: Sham surgery with no creatine
supplementation

in the sham (4.83±1.33 percent) group (P=0.001 &
P=0.001 respectively). Comparing to the Aβ group, the
mean percentage of TUNEL-positive neurons was not
significantly different in the AβCr group (P=0.799).
Based on the foregoing, Cr supplementation had no
influence on apoptotic effects of β-amyloid in neurons.
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The results of this study revealed a deficit in rats’
ability to orientate in the Morris Water Maze
following a single injection of β-amyloid 1-42 in the
hippocampal CA1 area. Many studies have examined
the behavioral consequences of injecting or infusing
different β-amyloid fragments in various brain areas
of rodents.
Despite few studies that have found
no
behavioral changes after a low dose single injection
of β-amyloid (22), the results of the present study
revealed that a single 2 µg/side hipocampal CA1 area
injection of prefibrillar β-amyloid 1-42 (incubated
for 48 hr in room temperature)(23), could induce
spatial short-term memory impairment, when tested
six weeks after the injection.
Due to limited permeability of the blood-brain
barrier to Cr, the increase of brain Cr followed by
oral supplementation would be a slow process (21).
For better metabolic support at the time of injection,
supplementation of Cr was started 4 weeks before
the β-amyloid injection and continued up to six
weeks. Contrary to previous studies on healthy
individuals, the results of the present study revealed
negative effects of Cr supplementation on learning and
memory retrieval (4, 9-11). Furthermore, the TUNELpositive neurons counted in the brain sections showed
no protective effect of Cr. This contrasts with the results
of those studies that emphasize on protective effects of
Cr in cell culture (19).
Given the same rate of TUNEL-positive neurons in
either group, more severe memory impairment in the
group received Cr can be for any reason; a temporary
inflammation or non-apoptotic death of neurons.
Although the final judgment in this case cannot be
achieved based solely on the results of this research,
however, by putting together the results of this study
and previous literature, a mechanism could be expected
for this phenomenon.
Gallant et al detected soluble Cr deposits in autopsy
of transgenic mice and AD brain sections (20). In an
earlier study on these TgCRND8 mice, the inflammation
and microglial activation of their brain was reported by
Wyss and Kaddurah-Daouk (21). Gallant et al attributed
this inflammation to the detected Cr deposits that might
be formed due to the low energy levels of neurons and
declined creatine kinase (CK) activity (20). In the
present study, CK activity was not measured, which
may be one of the constraints of this research.
However, there is some evidence to suggest that, βamyloid promotes protein oxidation and causes
irreversible inhibition of brain CK (BB-CK) at
concentrations toxic to cultured neurons. This evidence
is in line with the findings of Yatin and his colleagues in
2000 on modification of BB-CK in AD (24-26).
So, it would not be irrational to conclude that the
activity of BB-CK may be declined in Aβ rats and in
consequent; more Cr supply (AβCr) caused more Cr
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deposition in the neurons, resulting in more
inflammation and/or cell death.
Similar studies are needed to determine the
relationship between declined BB-CK activity, Cr
supply of the neurons, and Cr deposition in neurons
based on the measurement results of BB-CK activity
and Cr deposits after β-amyloid injection.

Conclusion

Oral Cr supplementation in rats, before and after
β-amyloid injection into the CA1 area of
hippocampus, can deteriorate learning and memory
impairment and does not protect neuronal apoptosis
induced by β-amyloid. However, further research is
needed to reveal more details.
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