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Alzheimer’s Disease (AD) is a chronic neurodegenerative disease characterized by abnormal

: protein accumulation, synaptic dysfunction, and cognitive impairment. Peroxisome Proliferator-Acti-
21 Apr 2020 : vated Receptor-y (PPARy) play a crucial role in regulating insulin sensitivity and may serve as potential
14 Sep 2020 therapeutic targets for AD. Pioglitazone (PIOG), as a PPARy agonist, reduces B-amyloid and tau proteins,
:and inhibits neuroinflammation.
[T9TETE This study aims to evaluate the effects of PIOG chronic administration on learning and memory
in rat model of Streptozotocin (STZ)-induced AD
[VETELE Forty-two male Wistar rats were divided into two groups: A. Normal rats divided into three sub-
groups of Control, Dimethyl Sulfoxide (DMSO), and PIOG; and B. AD rats divided into four subgroups of
Vehicle, STZ, STZ+DMSO and STZ+PIOG. The last two AD subgroups received 0.2 mL DMSO and PIOG (10
mg/kg per day) for 21 days. For induction of AD, STZ (3 mg/kg, 10 ul per injection site) were administered
into lateral ventricles. All rates were trained under the Morris water maze task.
TS PIOG impaired the spatial learning and memory in normal rats. Intracerebroventricular injection
of STZ significantly increased escape latency and swimming time to find the hidden platform compared
to the control group (P<0.05). The amnesic effect of STZ was prevented by PIOG administration such
that the escape latency and swimming time to find the hidden platform in the STZ+PIOG group were
significantly lower than in the STZ+DMSO group (P<0.05). Conversely, the percentage of time spent and
distance swimming in the target quadrant in the probe test in the STZ+ PIOG group rats were significantly
: higher than those in the STZ + DMSO group.
Pioglitazone, Memory, :  [@alas PIOG administration impaired spatial learning and memory in normal rats, but improved
Insulin resistance, learning and memory in rats with STZ-induced AD. It can be useful for treatment of cognitive impairment
Streptozotocin ' in AD patients.

01 Oct 2020

ized by progressive memory impairment [1]. Most of
recent studies have shown an increased risk of AD in
1. Introduction people with diabetes [2]. AD is closely associated with
impaired insulin signaling in brain, suggesting it to be
1zheimer’s Disease (AD) is the most com- a brain-specific form of diabetes [3]. Thus, the most
mon neurodegenerative disease character- important method of reducing memory impairment in
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patients with AD is to target insulin signaling pathway.
In this regard, it has been demonstrated that antidia-
betic drugs such as metformin can be effective in the
treatment of memory impairment in AD people. Per-
oxisome Proliferator-Activated Receptor-y (PPARy)
is a transcription factor that regulates numerous genes
involved in regulation of cell differentiation and me-
tabolism [24]. PPAR-y agonists (thiazolidinediones)
are widely used in clinical medicine for the treatment
of type 2 diabetes mellitus. Recently, PPAR-y agonists
have shown neuroprotective effects on neurodegenera-
tive diseases. Pioglitazone (PIOG), a PPARy agonist,
has effective insulin-sensitizing, anti-inflammatory,
neuroprotective, and anti-excitotoxic properties that
make it a good candidate for improving cognition in
insulin-resistant individuals. The current study aims
to investigate the effects of chronic administration of
PIOG on cognitive impairment in rat model of AD.

2. Materials and Methods

Male Wistar rats (180-200 g) were housed in standard
polycarbonate cages. They were given ad libitum ac-
cess to Food and water. Animals were divided into two
groups: Control group received Dimethyl Sulfoxide
(DMSO) plus PIOG, and AD group divided into four
subgroups of Vehicle (normal saline), STZ, STZ+DMSO
and STZ+PIOG. The last two subgroups received DMSO
and PIOG (10 mg/kg per day) for 21 days [21].

For induction of AD, Streptozotocin (STZ) was ad-
ministered into lateral ventricles of rats. To do this, rats
were first anesthetized with an Intraperitoneal (IP) in-
jection of ketamine (60 mg/kg) and xylazine (8 mg/kg)
and placed in a Stoelting stereotaxic instrument. STZ
(3 mg/kg, 5 pl/injection site) was dissolved in normal
salin [9]. STZ or vehicle was administered by Intra-
cerebroventricular (ICV) injection into lateral ven-
tricles: Anteroposterior (AP) = -0.8 mm; Mediolateral
(ML) ==£1.5 mm; Dorsoventral (DV) =-3.6 mm.

The Morris water maze test was performed as de-
scribed in Reference [37]. Escape latency was used to
show the learning ability. The time spent in the platform
quadrant was recorded to indicate the spatial memory.

The collected data were analyzed by using one-way
ANOVA and Tukey’s post hoc test. All data were pre-
sented using Standard Error of the Mean (SEM). A
P<0.05 was considered as statistically significance level.

3. Results

PIOG caused impairment in spatial learning and
memory in normal rats (Figure 1). The ICV injection of
STZ significantly increased escape latency and swim-
ming time to find the hidden platform compared to the
control group (P<0.05). The amnesic effect of STZ was
prevented by treatment with PIOG such that the escape
latency and swimming time to find the platform in the
STZ+PIOG group were significantly lower than in the
STZ+DMSO groups (P<0.05). Conversely, the escape
latency and the time spent in the target quadrant under
the probe test in the STZ+PIOG group were signifi-
cantly higher than in the STZ+DMSO group (Figure 2).

4. Discussion

The findings showed that PIOG administration in nor-
mal rats impaired their spatial learning and memory but
improved the learning and memory in rats with STZ-
induced AD. STZ caused longer escape latencies in the
training trials than the control rat indicating impair-
ment in cognitive function by STZ. The prolongation of
escape latency by STZ was significantly and gradually
decreased after five testing days by PIOG administra-
tion. In addition, PIOG significantly reduced the effect
of STZ on swimming time spent to find hidden plat-
form in the target quadrant under the probe test. There-
fore, chronic administration of PIOG (10 mg/kg, IP for
21 days) prevented the STZ-induced deficits in memory
and cognition. The results suggest that PIOG is useful
for treatment of cognitive impairment in AD patients.

The improvement of spatial learning and memory by
PIOG administration reported in our present study is in
line with the results of previous studies. For example,
Pathan et al. (2006) demonstrated that oral administra-
tion of PIOG improved cognitive function under step-
through passive avoidance task in diabetic rats. Similar
results have been reported by Baraka and ElGhotny
(2010), where AD was induced by ICV injection of
B-amyloid in rats and significant improvement in spa-
tial learning and memory was observed after treatment
daily by oral PIOG administration for 3 weeks. Consis-
tent with our results, Allami et al. showed that PIOG
improved the memory impaired by scopolamine under
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Figure 1. Effects of PIOG administration on spatial learning and memory in normal rats under the Morris Water Maze test

Values are presented as+SEM of A: Escape latency; and B: Time spent in the target quadrant;

*P<0.05; and **P<0.01 compared to control group; “P<0.05 compared to DMSO group; NW-TQ: North West Target Quadrant;
SE-OQ: South East Opposite Quadrant; SW: South West; NE: North East.

Y-maze test, whereas it did not affect scopolamine-in-
duced cognitive impairment under the passive avoid-
ance test. This discrepancy can be related to differences
in setting, dosage and duration. In contrast to our study,
Nicolakakis et al. (2008) reported that PIOG could not
improve memory in transgenic mice model of AD [15].
This discrepancy can also be due to shorter duration of
treatment with PIOG and/or the use of transgenic mice
with two mutations in their study.

5. Conclusion

Chronic administration of PIOG (10 mg/kg, IP for 21
days) prevents the STZ-induced memory and learning

impairments. It can be useful for treatment of cognitive
impairment in AD patients.
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Figure 2. Effects of PIOG administration on spatial learning and memory in rats with sporadic AD under the Morris Water Maze test

Values are presented as+SEM of A: Escape latency; and B: Time spent in the Target Quadrant (TQ);

*P<0.05; and **P<0.01 compared to control group; “P<0.05; and #P<0.01 compared to STZ+DMSO group.
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4. Peroxisome Proliferator-Activated Receptor y (PPARS)
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6. North West-Target Quadrant (NW-TQ)
7. South East Opposite Quadrant (SE-OQ)
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10. Escribano

11.Yan

12. Gupta

13. Geldmacher

14. B-amyloid precursor protein cleaving enzyme 1 (BACE1)
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15. Pedersen

16. Rosiglitazone

17. Long Term Potentiation (LTP)
18. Picone
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