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Abstract

Background: The hippocampus is a key brain area for many forms of learning Referees 1 2 3

and memory and is particularly sensitive to changes in glucose homeostasis.

Aim of the work: To investigate in experimentally induced type 1 and 2 vi D m m

diabetes mellitus in rat model the effect of diabetes mellitus on cognitive published report report report
) . . . 09 Jul 2013

functions and related markers of hippocampal synaptic plasticity, and the

possible impact of blocking N-methyl-D-aspartic acid (NMDA) receptors by
memantine.

Materials and methods: Seven rat groups were included: non-diabetic control
and non-diabetic receiving memantine; type-1 diabetic groups - untreated,
treated with insulin alone and treated with insulin and memantine; and type 2 2 Zhenjie Zhang, Stanford University USA
diabetic groups - untreated and memantine treated. Cognitive functions were
assessed by the Morris Water Maze and passive avoidance test. Biochemical

1 Carlos Telleria, University of South
Dakota School of Medicine USA

3 Louiza Belkacemi, University of Western

analysis was done for serum glucose, serum insulin and insulin resistance. Ontario Canada
Routine histological examination was done, together with

immunohistochemistry for detection of the hippocampal learning and memory Latest Comments
plasticity marker, namely activity regulated cytoskeletal-associated protein

(Arc), and the astrocytes reactivity marker, namely glial fibrillary acidic protein No Comments Yet
(GFAP).

Results: Both type 1 and 2 untreated diabetic groups showed significantly
impaired cognitive performance compared to the non-diabetic group. Treating
the type 1 diabetic group with insulin alone significantly improved cognitive
performance, but significantly decreased GFAP and Arc compared to the
untreated type 1 group. In addition, the type 2 diabetic groups showed a
significant decrease in hippocampus GFAP and Arc compared to the
non-diabetic groups. Blocking NMDA receptors by memantine significantly
increased cognitive performance, GFAP and Arc in the type 1
insulin-memantine group compared to the type 1-insulin group and significantly
increased Arc in the type 2-memantine group compared to the untreated type 2
diabetic group. The non-diabetic group receiving memantine was, however,
significantly adversely affected.

Conclusion: Cognitive functions are impaired in both types of diabetes mellitus
and can be improved by blockage of NMDA receptors which may spark a future
therapeutic role for these receptors in diabetes-associated cognitive
dysfunction.
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Introduction

Many organ systems are adversely affected by diabetes, including
the brain. Patients with either type 1 or type 2 diabetes are more
prone to cognitive dysfunction, including impaired memory and
learning as well as Alzheimer’s disease, compared to age-matched
non-diabetic subjects'. Cellular mechanisms that explain how
diabetes negatively influences brain functioning are still not well
understood, and the most appropriate methods to diagnose and treat
cognitive dysfunctionin diabetes have not yet been defined.

The hippocampal formation (formed of the hippocampus proper,
the dentate gyrus and the subiculum) is a key brain area for many
forms of learning and memory, and is particularly sensitive to
changes in glucose homeostasis. Analyses of behavioral perfor-
mance and hippocampal synaptic plasticity in experimental models
of diabetes have yielded inconsistent findings. While some studies
suggested that water maze performance and passive avoidance tests
as measures of synaptic plasticity were reduced’, others reported
that these measures were unaffected’.

Astrocytes are proving critical for the survival of neurons in the cen-
tral nervous system (CNS), playing a role in energy metabolism,
maintenance of the blood-brain barrier, vascular reactivity, regula-
tion of extracellular glutamate levels and protection from reactive
oxygen species™. These cells react to neuronal damage resulting
from physical or chemical insults by over expression of the glial
fibrillary acidic protein (GFAP). This protects CNS cells through the
uptake of excitotoxic glutamate, the production of the anti-oxidant
glutathione and the neuroprotective adenosine®”, the degradation
of amyloid-beta peptides and by limiting the spread of inflamma-
tory cells™'". Alterations in astrocytes activity were associated with
diabetes-related disturbances in the brain and levels of GFAP have
been under debate'"-'”.

Changes in synaptic strength can occur within minutes of stimula-
tion. For these changes to represent memory, they must persist for
days and months. It is suggested that for the activity regulated and
cytoskeletal associated protein (Arc), an immediate early gene may
serve an important role in the transition to long-lasting forms of
potentiation and hippocampal-dependent learning, memory consol-
idation and synaptic plasticity'’. N-Methyl-D-Aspartate receptors
(NMDARsS) are ionotropic glutamate receptors found in the CNS
and it is thought that the flow of Ca** through these receptors can
cause both long-term potentiation (LTP) and long-term depression
(LTD) vital for memory and learning'“. However, overstimulation
of these receptors causes neurodegeneration and excitotoxicity .

Since the impairment of synaptic plasticity in streptozotocin
(STZ)-induced diabetic rats was linked to an inappropriate level
of NMDA receptor stimulation required for the induction phase of
long-term-potentiation'®, this study aimed to investigate the effect of
type 1 and type 2 diabetes on cognitive functions and hippocampal
astrocyte reactivity and synaptic plasticity markers, and the impact
of partial NMDARSs blocking on these parameters.
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Materials and methods

Experimental design and animals

The study protocol was approved by Physiology department com-
mittee, scientific committee and Faculty committee of Kasr Al Ainy
Faculty of Medicine.

Animal experiments were performed in the Physiology Department,
Kasr Al Aini Faculty of Medicine. A total of 42 male albino rats
5-6 months old obtained from Kasr Al Ainy animal house, weigh-
ing 200-250 g constituted the animal model in this study. Rats were
housed each in a cage (Suzhou Suhang Technology Equipment Co.,
Ltd.) in a constant temperature-(22-24°C) and light-controlled room
on an alternating 12:12 h light-dark cycle and had free access to
food and water. Rats were fed a standard commercial pellet diet
(Harlan Teklad) except groups for type 2 diabetes which were fed
high fat diet (HFD) obtained by mixing 35 g of lard per 100 g of
rat chow.

Rats were divided into the following groups (n=6/group):

Table 1.

Type 1 diabetes

Control groups mellitus (DM) groups

Type 2 DM groups

Non-diabetic
s Untreated type 1 DM Untreated type 2 DM
: : Type 1 DM-insulin
Non-diabetic insuli Type 2 DM memantine
memantine Type 1-DM-insulin- yp

memantine

Induction of diabetes mellitus

Type 1 diabetes was induced in rats fed on standard diet (6.5%
Kcal fat) by single intraperitoneal (i.p.) injection of 65 mg/kg STZ
(Biomedicals, LLC, France) dissolved in 1 ml cold citrate buffer
concentration 0.1 mol PH4.8 (life technology; USA)"". Type 2 dia-
betes was induced by feeding the rats high fat diet (HFD: 58% Kcal
fat) for a period of 2 weeks followed by i.p. injection with a single
lowdose of STZ 45 mg/kg. Both the lowdose of STZ and the high
fat diet are essential elements to induce type 2 diabetes with insulin
resistance'®. Rats were maintained on their respective diets till the end
of the study. The non-diabetic group received the i.p injection of 1 ml
citrate buffer. The diagnosis of diabetes mellitus was confirmed by
measuring blood glucose levels (using spectrophotometer-Beckman;
USA) one week after STZ injection.

Insulin treatment

Groups treated with insulin received (1 U/100 g) of commercial
insulin (Mixtard 30/70; Novo Nordisk) once/day subcutaneous
(S.C.) in the evening before the rat activity phase'’.

Memantine treatment

Memantine was used in the form of commercial tablets: meman-
tine hydrochloride (Ebixa, Lundbeck, A/S, Denmark 10 mg/tablet).
Tablets were crushed, dissolved in water and the calculated dose
(30 mg/kg/day) was given orally by gavage feeding for 3 weeks™.
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Memantine treatment was started 4 weeks after induction of dia-
betes in corresponding groups i.e. after diagnosis of cognitive
dysfunction.

Learning and memory tests

These tests were performed 4 weeks after induction of diabetes to
allow time for development of the diabetic-associated behavioural
changes”' and then repeated at the end of the study to assess the
effect of the different treatment protocols.

A-Passive avoidance test

The passive avoidance test is generally regarded as a measure of long-
term memory, and was performed according to methods described
previously”. An illuminated compartment (base side; 15.5x4.5 cm,
floor side; 15.5%10 cm, height 8.5 cm, 20 W) onnected to a dark
compartment (base side; 15.5x4.5 cm, floor side; 15.5x10 cm,
height 8.5 cm) through a guillotine door was used. On habituation
day, the rat was placed in the illuminated compartment and allowed
to explore freely for 30 s, then the door was raised and once the rat
entered the dark compartment with four paws, the door was closed
and the latency to enter was recorded (from the time the door was
lifted). On the following day, one learning trial was given by repeat-
ing the steps of the habituation trial and 3 seconds after the door
was closed, an unavoidable scrambled electric foot shock (0.5 mA
for 2 s) was delivered through the grid floor of the dark compart-
ment and the rat was removed 30 s later to its home cage. Reten-
tion of the passive avoidance response (task) was tested 24 h later
by placing the animal on the lighted compartment and measuring
the latency in re-entering the dark compartment; increased escape
latency to dark compartment is a good index of long-term memory.

B-The morris water maze test

The spatial learning and memory of rats was tested according to the
method of R. Morris*. A Morris water maze with a submerged plat-
form and a video tracking system (ANY-maze™ Video Tracking
System; version 4.72-Stoelting Co.) were used. The Morris water
maze consisted of a circular tank, (diameter: 120 cm, height: 30 cm)
filled to a depth of 24 cm. The water temperature was 26°C and a
10 cm clear circular platform was submerged 1 cm below the water
level in the northwest quadrant of the maze.

Cue discrimination. Using the protocol seen in*' and”. A vis-
ible platform test was performed to exclude drug or experimental
manipulation-induced changes in visual acuity. The video tracker
system was not used and only a stop watch was used in this test.
Habituation to the pool was done by permitting the rats to swim
freely for 30 seconds and giving them four trials (from four differ-
ent directions) to climb to the platform that had been extended 1 cm
above the water level. The rats then had 15 trials of cue training in
3 block intervals, each including five trials; the intervals (intertrials
and interblock) were approximately 10 minutes. During this stage
we didn’t provide the rats with cues except for the platform.

Spatial discrimination. During spatial discrimination, the hidden
platform was placed 1.5 cm below the water level changing the
area of the pool from that used during cue discrimination training.
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We added powered milk to make the pool water opaque, render-
ing the platform ‘invisible’. The platform location had been fixed
relative to the distal cues. Rats had trained in eighteen trials in
the form of six blocks (three trials per block) and the intertrial
intervals were about 10 minutes and after every trial we stirred
the water to avoid the effect of odor trails as unwanted cues. Rats
were allowed to start swimming in each trial from one of four
locations (north, south, east, and west); the choice of the location
was random for each rat and each trial. The rat should escape to
the platform within 60 seconds and if that didn’t occur we guided
them gently toward the hidden platform where they remained for
10 seconds. The rats were dried with a towel and returned to their
cage after every trial. The parameters recorded in these training
blocks were: latency to reach the platform, distance traveled in
the maze till reaching the platform and proximity (% of time spent
within the quadrant where the platform was placed).

Probe trial. In the probe trial (the immediate probe trial) we
removed the platform from the swimming pool and allowed the rat
to swim for 60 seconds. The probe trial was given after the fifth
training block and the rats then had the sixth block of training
that was not included in cognitive assessment. In order to assess
24-hour retention, rats were given another probe trial 24 hours
later (the platform was removed from the pool).

Biochemical analysis

At the end of experimental period rats were anesthetized with ether,
blood samples were collected from retro-orbital venous sinus, fast-
ing serum glucose was measured using oxidase-peroxidase method*
and fasting serum insulin was analyzed using enzyme-linked immu-
nosorbent assay (ELISA) (DRG diagnostics, Germany) according to
the manufacturer’s instructions. To estimate insulin resistance, the
homeostasis model assessment for insulin resistance (HOMA-IR:
insulin resistance index) was calculated”’. HOMA-IR is an indi-
rect method for the assessment of insulin resistance. It depends on
relationship between fasting plasma glucose and insulin based on a
mathematical model. HOMA-IR was calculated using the following
equation”®:

HOMA-IR = Fasting glucose (mg/dl) x Fasting insulin (uU/ml)/450

Histological staining

Brain sectioning and staining. The rats were anesthetized with ether
followed by quick cervical dislocation. After death confirmation
by lack of pulse, breathing, corneal reflex and response to firm toe
pinch, inability to hear respiratory sounds and heartbeat by use of a
stethoscope then we performed decapitation followed by harvesting
of brain tissues which were placed in 10% formaldhyde for 2 hours”.
The brains were removed and placed in a new formaldehyde solution
for 24 hours before being dehydrated using ethanol (70% for 24 h,
90% for 1 h and 100% for 1 h) then cleaned in xylene and embedded
in paraffin. Coronal sections were cut with a microtome (Leica RM
2025, Germany) at 5 um thicknesses, mounted on glass slides and
stained with the routine hematoxylin and eosin technique’. Exami-
nation of slides, photography and morphometric studies were done at
Histology Department, Kasr El-Aini Faculty of Medicine.
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Immunohistochemical techniques. Serial brain sections cut at
5 um thickness were mounted on positively charged glass slides
(SuperFrost Plus® slides, MENZEL-GLASER) for immuno-
histochemical staining using primary antibodies: glial fibrillary
acidic protein (GFAP) (ThermoScientific, USA, ready to use,
7 ml), and activity regulated-cytoskeletal associated protein (Arc)
(Lifespan Biosciences, Seattle, WA-ul diluted 1:500) together
with a secondary “Ultravision detection system” (ThermoScientific,
USA, catalog no TP-015-HD). Sections were deparaffinised
and hydrated in graded descending concentrations of alcohol,
then incubated with hydrogen peroxide blocking solution (3%;
ThermoScientific, USA) for 15 mins. Incubation was done in
humid chambers at room temperature, and slides were continuously
kept wet starting from this step onwards. Slides were washed twice
in phosphate buffer (0.15 mol/L NaCl, pH 7.0; Dako; Denmark)
incubated with pepsin digestive enzyme-one packet dissolved
in 500 ml of 0.2 N Hcl (Dako; Denmark) and washed 4 times in
buffer. Ultra V block (ThermoScientific, USA) was applied and
incubated for 5 mins. Primary antibodies were then applied on
the serial sections and each was incubated for 30 mins. Sections
were then washed and biotinylated goat antipolyvalent antibody
(secondary antibody) was applied for 10 mins, washed, then fol-
lowed by streptavidin peroxidase for 10 mins and washed after. To
develop color reaction, one drop of DAB Plus chromogen was added
to 2 ml of DAB Plus substrate, mixed and applied on tissues for
5-15 mins. Sections were then counterstained with Mayer’s hema-
toxylin. A coverslip was applied using mounting media. A positive
reaction appeared as brown color’'.

Quantitative morphometric study. Ten high-power fields were
measured in each of the serial sections in the different studied
groups. Area % was measured for GFAP and Arc. The data were
obtained by using Leica QWin 500 image analyzer computer sys-
tem (England). The image analyzer consists of an Olympus micro-
scope, a colored video camera, colored monitor and a hard disc of
a Leica IBM personal computer connected to the microscope and
controlled by Leica QWin 500 software. Data were statistically
described in terms of mean and standard deviation (meantSD) for
area %. Photography was performed using a Panasonic wv. GP 210
camera connected to the Olympus microscope (U-CMAD3-Japan)
and Olympus camera for measurments (C3040-ADU, Japan) con-
nected to the computer.
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Statistics

The results were analyzed using SPSS computer software package,
version 16 (Statistical Package for the Social Science; SPSS Inc.,
Chicago, IL, USA). Data were presented as mean+SD. Comparison
of quantitative variables between the studied groups was done using
analysis of variance (ANOVA) test with the Bonferroni post Hoc
test or Kruskal Wallis test with Wilcoxon signed rank test depend-
ing on the result of the Shapiro-Wilk test for normality of distribu-
tion which determined if data was parametric or non-parametric.
Results were considered statistically significant at p<0.05*~.

Results

Metabolic parameters in the different studied groups

As revealed from Table 2, administration of memantine to non-
diabetic rats significantly increased serum glucose compared to
non-diabetic group. No statistical difference was observed in serum
insulin and HOMA-IR between both groups.

As expected, induction of type 1 diabetes mellitus significantly
increased serum glucose level and HOMA-IR, and significantly
decreased serum insulin in the untreated type 1 DM group (p<0.05)
compared to non-diabetic group.

The type 1 DM group treated with insulin or with insulin-meman-
tine still had significantly increased serum glucose and HOMA-IR
compared to the non-diabetic group and non-diabetic-memantine
group, respectively. The type 1 insulin treated group showed a signifi-
cantly decreased serum glucose with a significantly increased serum
insulin and HOMA-IR compared to the untreated type 1 diabetic
group (Table 2, p<0.05). The type 1 DM group treated with both
insulin and memantine showed a significantly decreased serum glu-
cose (p<0.05) with no statistical difference in the serum insulin and
insulin resistance index compared to type 1 DM group treated with
insulin alone (p>0.05).

Induction of type 2 diabetes significantly increased serum glucose
and insulin levels as well as HOMA-IR in untreated type 2 DM
group compared to the non-diabetic group. Type 2 DM group
treated with memantine showed a significant decrease in serum glu-
cose and insulin and HOMA-IR compared to untreated type 2 DM
group, although these parameters were still significantly increased

Table 2. Metabolic parameters in the different groups.

Measured Non-diabetic Non-diabetic- Untreated type 1 Type 1 diabetic- ;I;Ygﬁi:‘-dlabetlc- tl;’r:;ezated Type 2 diabetic-
parameters memantine diabetic insulin memantine diabetic memantine
(s'ﬁ;‘/’gl‘)g'““se 76.6+6.2 113.33+1.36* 295.3+9.6* 112.33+3#  103%5.8"+@ 280.17+8.15* 228.50+7.17+$
(Suel;;:::)'"s“"" 41+0.76 4.2+0.50 2.2+0.55% 5+0.53# 5.31+0.62 11.6+1.11*  9.66+0.56+%
HOMA-IR 0.77+0.16 1.17+0.15 1.64+0.37* 1.412027*#  1.37+0.27+ 8.17+0.48*  553+0.28+$

*: significant compared to non-diabetic group.

+: significant compared to non-diabetic-memantine group.
#: significant compared to untreated type 1 diabetic group.
@: significant compared to type-1 DM-insulin group.

$: significant compared to untreated type 2 DM group.
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compared to the non-diabetic-memantine group (Table 2, p<0.05).
These results indicate that while memantine can improve serum
glucose in both types of diabetes mellitus, it has no beneficial effect
in non-diabetic rats.

Effect of diabetes and memantine on cognitive functions

Results indicate that both types of diabetes induced deficiency
in learning and spatial memory in rats during the passive avoid-
ance and Morris water maze tests. Untreated type 1 and 2 diabetic
groups compared to the non-diabetic group exhibited a significant

90 1
80
70
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decrease in the escape latency to the dark compartment in the pas-
sive avoidance test (Figure 1A&B, p<0.05), a significant increase
in the escape latency and the travelled distance to hidden plat-
form (Figure 2A&B and Figure 3A&B, p<0.05) and a significant
decrease in proximity as a measure of the % time spent within
40 cm of the platform (Figure 4A&B, p<0.05) in all Morris maze
training blocks. Also, a significant decrease was observed in the
proximity of both the untreated diabetic groups during imme-
diate and 24 h probe trials compared to the non-diabetic group
(Figure 5SA&B, p<0.05).

Escape latency to dark comaprtment (sec)

+@

60 - *

50 - . “

40

30 -

20

10 -

0 T T T T

Non-diabetic Non-diabetic Untreated  Type 1 DM- Type 1 DM-
memantine  type 1 DM insulin insulin-
memantine

B ) 90 -
g
= 804
]
g 70-
8 60 *
IS
S 50-
X
3 40+
o
<. 304
<
9 204
©
g 101
S
g 04
Non-diabetic Non-diabetic
memantine

Untreated
type 2 DM

Type 2 DM-
memantine

Figure 1. Escape latency recorded during passive avoidance test. Latency to enter the dark compartment in type 1 diabetic
(A) and type 2 diabetic (B) subgroups compared to non-diabetic subgroups.*: significant compared to non-diabetic group, +: significant
compared to non-diabetic-memantine group, #: significant compared to untreated type 1 diabetic group, @: significant compared to type
1-insulin group, $: significant compared to untreated type 2 diabetic group at p<0.05.
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Figure 2. Latency to reach the hidden platform during training
blocks of Morris water maze in the different groups. A: escape
latency to hidden platform in type 1 diabetic subgroups compared
to non-diabetic groups. B: escape latency to hidden platform in type
2 subgroups compared to non-diabetic groups. Data are presented
as mean+SD (n=6/group).

The type 1 diabetic group treated with insulin also showed a signifi-
cant impairment in all performed tests compared to the non-diabetic
group (p<0.05), and a partial improvement of the cognitive func-
tions compared to the untreated type 1 diabetic group. Compared to
the non-diabetic group, the insulin-treated group showed a signifi-
cant decrease in the escape latency to the dark compartment in the
passive avoidance test (Figure 1A, p<0.05), a significant increase in
the escape latency and the travelled distance to the hidden platform
(Figure 2A and Figure 3A, p<0.05), and a significant decrease in prox-
imity observed during training and during immediate and 24 h probe
trials (Figure 4A and Figure 5A, p<0.05) of the Morris water maze.
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Figure 3. Distance travelled to reach the hidden platform during
training blocks of Morris water maze in the different groups. A:
distance travelled to hidden platform by type 1 diabetic subgroups
compared to non-diabetic groups. B: distance travelled to hidden
platform by type 2 subgroups compared to non-diabetic groups.
Data are presented as mean+SD (n=6/group).

Compared to the untreated type 1 diabetic group, the insulin-treated
type 1 group showed a significant increase in the escape latency to
the dark compartment of the passive avoidance test (Figure 1A),
a significant decrease in the escape latency (Figure 2A) and dis-
tance travelled (Figure 3A) in all blocks of training and a significant
increase in proximity only during the 1** and 5" blocks of train-
ing and immediate probe trial during the Morris water maze test
(Figure 4A and Figure 5A, p<0.05).

Treating the type 1 diabetic group with both insulin and meman-
tine had a better impact on learning and spatial memory compared
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Figure 4. Proximity during training blocks of Morris water maze
in the different groups. Proximity (% time spent within 40 cm of
the platform) in type 1 (A) and in type 2 (B) diabetic subgroups
compared to non-diabetic groups. Data are presented as mean+SD
(n=6/group).

to insulin treatment alone. A significant increase was observed in
the escape latency to the dark compartment of the passive avoid-
ance test (Figure 1 A) compared to the non-diabetic memantine- and
insulin-treated type 1 groups. Also a significant decrease in escape
latency to the hidden platform (Figure 2A) was revealed compared
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Figure 5. Proximity during immediate and 24 h probe trials in
Morris water maze of the different groups. Proximity (% time spent
within 40 cm to where the platform was previously present) in type 1
(A) and in type 2 (B) diabetic subgroups compared to non-diabetic
group during immediate (open bars) and 24 h (filled bars) probe
trials. *: significant compared to non-diabetic group, +: significant
compared to non-diabetic-memantine group, #: significant compared
to untreated type 1 diabetic group, @: significant compared to type
1-insulin group, $: significant compared to untreated type 2 diabetic
group at p<0.05. Data are presented as mean+SD (n=6/group).

to the non-diabetic-memantine group in all training blocks and
in the 4" and 5% training blocks compared to the type 1 diabetic-
insulin group. Distance travelled in the Morris water maze test by
the type 1-insulin-memantine group was significantly decreased in
all blocks compared to the type 1 DM-insulin group (Figure 3A) and
in the 1%, 4™ and 5" block of training compared to the non-diabetic-
memantine group indicating a beneficial effect of memantine over
the insulin treatment alone.

Proximity in the type 1 insulin-memantine group was significantly
increased in all blocks of training (Figure 4A) and in immediate
and 24 h probe trials (Figure 5A) compared to that of the type
1 diabetic-insulin group. However, this was still significantly
decreased in training blocks 4 and 5 and in the immediate and
24 h probe trials compared to non-diabetic-memantine group
(Figure 4A and Figure 5A, p<0.05).

Treating the type 2 diabetic group with memantine significantly
increased escape latency to the dark compartment of the passive
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avoidance test (Figure 1 A) compared to the non-diabetic-memantine
and untreated type 2 diabetic groups. Also, it significantly decreased
the escape latency to the hidden platform (Figure 2B) compared to
the untreated type 2 diabetic group in all Morris water maze train-
ing blocks, although this still significantly increased compared to
non-diabetic-memantine in the 1% 4 blocks and only significantly
decreased in the 5" training block.

Distance travelled in the Morris water maze was significantly
decreased in the type 2-memantine group compared to untreated
type 2 group in all training blocks, and to the non-diabetic-memantine
group in the first three blocks with a statistically insignificant dif-
ference in the last two blocks, which indicated a positive effect of
memantine on learning and spatial memory.

Proximity was significantly increased in the type 2 memantine
group in the last four training blocks and in immediate and 24 h
probe trials compared to the untreated type 2 DM. Moreover; prox-
imity was significantly increased in the last three training blocks
and the immediate probe trial in the type 2 memantine group com-
pared to the non-diabetic-memantine group. These results suggest
that memantine may consolidate the long-term memory in type 2
diabetes.

Administration of memantine to the non-diabetic group had
less beneficial effects with a significant decrease in the escape
latency to the dark compartment in the passive avoidance test
(Figure 1) and a significant increase in the escape latency and dis-
tance travelled to the hidden platform during all training blocks
of the Morris water maze test compared to the non-diabetic group
(Figure 2 and Figure 3, p<0.05). Proximity was also significant-
ly reduced in all training blocks and in the immediate and 24 h
probe trials compared to the non-diabetic group (Figure 4 and
Figure 5, p<0.05), which suggest that memantine has no role in
learning and memory consolidation in the non-diabetic state.

Histological results

Hematoxylin and eosin stained sections

Histological examination of hematoxylin and eosin stained sec-
tions revealed the characteristic areas of hippocampal formation.
These are the hippocampus proper, dentate gyrus and subiculum
(Figure 6).

The hippocampus proper is formed of Cornu Ammonis CA1l and
CA2 formed of zone of small pyramidal cells, CA3 and CA4
formed of zone of large pyramidal cells. CA4 projects into concav-
ity of dentate gyrus that is formed of small granule cells. Subiculum
is outward continuation of CA1 region. Areas in between compact
zones of cells comprise the molecular layer which consists of neu-
ronal processes/(axons and dendrites), glial cells, and scattered
nerve cells (Figure 7).

Sections from non-diabetic groups receiving memantine alone were
shown to be markedly affected by the treatment showing decreased
thickness of the small pyramidal cell layers, decreased thickness
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Figure 6. Section from non-diabetic control showing the different
areas of the hippocampal formation where the hippocampus
proper is formed of the Cornu Ammonis (CA) as CA1, CA2, CA3
& CA4 regions, and is continued as subiculum (S). Dentate gyrus
(D@G) is seen surrounding CA4 by its upper & lower limbs. Note
lateral ventricle (LV) related to CA1 & CA2. M denotes molecular
layer inside concavity of CA and of DG. (H & E x40).

and areas of cell loss of the large pyramidal layers, with retraction
of processes and vacuolation of granular cells. The molecular layer
exhibited enlarged pyramidal cells (Figure 8).

The type 1 DM group that was left untreated showed marked changes
in all regions in the form of disorganization and cell loss of small py-
ramidal cells, some of which had pale nuclei while others were dark.
There was also marked shrinkage in the size of the large pyramidal
cells, the outer layer was more affected, with darkened nuclei. The
granular layer also showed marked vacuolation, while the molecular
layer exhibited enlarged neurons and excess glial cells (Figure 9).

Treatment with insulin alone caused improvement in the form
of preservation of small pyramidal cells and markedly decreased
apoptosis of large cells. Vacuolations, however, persisted in granu-
lar cells together with overall marked disorganization (Figure 10).

Addition of memantine to insulin therapy caused an additional mild
improvement in the preservation of the cells, but with persistence
of clumping of neuronal processes and widened capillaries in many
fields (Figure 11).

The type 2 DM group left untreated showed changes very simi-
lar to the type 1 untreated group. These included darkened small
pyramidal cells mainly in deep part (inner layer nearer to the
molecular layer), disorganization of layers and many apoptotic large
cells, together with vacuolations and clumped processes, but with
no significant change in the sizes of glial cells (Figure 12). Treat-
ment with memantine, however, caused a significant improvement
in the form of fewer apoptotic cells, less marked shrinkage, but with
persistence of clumped processes and dilated vessels (Figure 13).
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Figure 7. (a): Section from non-diabetic control showing 5-6
compact layers of small pyramidal cells of CA1 region, most with
vesicular nuclei; (b): shows few layers of large pyramidal cells in
CAS3 region, also with vesicular nuclei (arrows). Molecular layer (ML)
shows many glial cells (*) among neuronal processes. (c): shows
layers of compact granular cells with dark nuclei in dentate gyrus
G. Molecular layer shows glial cells (*) as well as pyramidal cells (T)
(H & E x400).
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Figure 8. Section from non-diabetic group receiving memantine
alone showing: (a): decreased thickness of layer of small pyramidal
cells of CA1 to reach 2 layers in some areas (T); and (b): more
marked affection of large pyramidal cells of CA3 where areas
are devoid of cells (T). Cells have vesicular nuclei. (¢): granular
cells show marked retraction of processes with vacuolations, and
molecular layer (ML) shows enlarged neurons (n) and enlarged glial
cells (*). (H & E x400).
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Figure 9. The untreated type 1 diabetic group shows (a): disorga-
nization and areas of cell loss of small pyramidal cells; some hav-
ing pale nuclei and others dark. Note also clumping of neuronal
processes. (b): marked shrinkage in size of large pyramidal cells,
affecting outer layer more, with darkened nuclei (T). (¢): Granular
cell layers also showed marked vacuolations. Molecular layer (ML)
shows marked enlargement of neurons (n) and of glial cells (*).

Figure 10. The type 1 diabetic group treated with insulin only
shows (a): preservation of small pyramidal cells; but with (b):
marked apoptosis of large pyramidal cells (T) and (¢): marked dis-
organization, vacuolation (V) and decreased population of granu-
lar cells. Molecular layer (M) mostly shows normal cells & fibres.
(H & E x400).
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Figure 11. The type 1 group treated with insulin and memantine
shows also (a): preservation of small pyramidal cells of CA1 while;
(b): some of large pyramidal cells of CA3 show apoptosis (T) with
some clumping of neuronal fibrils (f) (¢): Granular cells show less
vacuolation, & molecular layer shows normal size of cells, with
widened capillaries (¢). (H & E x400).

Effect of diabetes and memantine on hippocampal synaptic
markers

As revealed in Figure 14, there was a highly significant increase
in area % of GFAP staining of the non-diabetic memantine group

F1000Research 2013, 2:151 Last updated: 21 JAN 2014

when compared to normal controls (p<0.001). The untreated type
1 DM group also showed a very highly significant increase. Insulin
treatment alone, however, caused a highly significant decrease in
the level of staining that was just slightly better with the addition of
memantine. The untreated type 2 DM group and memantine treat-
ed group both showed very low levels of staining, with a highly
significant decrease when compared to control (Figure 14).

There was no statistically significant difference in area % distribu-
tion of Arc between control, non-diabetic memantine and untreated
type 1 DM groups. The type 1 DM group receiving insulin had sig-
nificantly decreased levels of staining as compared to controls. The
type 1 DM group receiving insulin and memantine had significantly
elevated levels when compared to the previous group, and were
more similar to controls. The type 2 DM group exhibited a signifi-
cantly lower level than the control group, which was also improved
by the use of memantine (Figure 14).

Treating the type 2 diabetic group with memantine significantly
increased Arc compared to the untreated type 2 diabetic group
(Figure 14, p<0.05) and significantly decreased GFAP compared to
the non-diabetic-memantine group. Administration of memantine
to the non-diabetic group only significantly increased hippocampal
GFAP expression compared to the non-diabetic group without af-
fecting the hippocampal Arc.

Immunohistochemical stains

GFAP immunostaining

Immunohistochemical staining for GFAP showed its normal distri-
bution in the control group as a mild positive reaction in glial cells
of molecular layers. The non-diabetic group receiving memantine
showed marked elevation in levels of immunostaining, becoming
dense and more widespread in the enlarged glial cells. The type 1
DM untreated group also exhibited markedly high levels of reac-
tion. However, this decreased to less than normal levels with insu-
lin treatment alone, and was nearer to normal level with combined
insulin and memantine therapy. The type 2 DM untreated group had
a very low level of staining, which was not improved with meman-
tine therapy (Figures 15a—15g).

Arc immunostaining

Immunohistochemical staining for Arc in the control group showed
mild to moderate staining homogenously filling neuronal cell bod-
ies, and widespread in neuronal processes. The level and distri-
bution of staining was mostly not altered with memantine alone,
or with type 1 DM alone. However, the type 1 DM group receiv-
ing insulin showed a significantly decreased level and disruption
of normal homogenous patterns of staining in cell bodies. That
returned to a near normal pattern and level with the addition of
memantine therapy. The type 2 DM group exhibited only a mild level
of widespread immunostaining that was significantly improved to
a near-normal pattern with memantine therapy (Figures 16a—16g).

Discussion

Diabetes is associated with several adverse effects on the brain,
some of which may result primarily from direct consequences of
chronic hyperglycemia. In this work, both type 1 and 2 untreated
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Figure 12. The untreated type 2 diabetic group shows changes similar to DM1. These include: (a): many darkened nuclei of small
pyramidal layer (arrowhead) mainly in deep layer, with vacuolation (v) and clumping of processes. (b): layer of large pyramidal cells shows
disorganization with many apoptotic cells (T). (¢): granular layer shows some cell loss (arrowhead) and increased glial cells with no change
in their size (*) while (d) molecular layer shows apoptotic cells & (H & E x400).

diabetic groups showed significantly impaired learning and spa-
tial memory in rats during the passive avoidance and Morris water
maze tests compared to the non-diabetic group in agreement with
previous studies'-*.

Insulin treatment of type 1 diabetic group after development of
cognitive dysfunction partially improved cognitive functions com-
pared to the untreated type 1 group; however, all tested cognitive
functions were still impaired compared to the non-diabetic group.
These results strongly support a previous study suggesting that
intervention with insulin failed to reverse water maze learning and
partially affected long-term potentiation, unlike insulin treatment
commenced at the onset of diabetes™.

Cognitive dysfunction and impaired synaptic plasticity in both types
of diabetes have been linked to hyperglycemia, insulin deficiency
and/or insulin resistance and altered insulin signaling®-°, hypo-
physeal-pituitary axis hyperactivity and elevated glucocorticoid
levels”’. Insulin diminishes hypothalamic-pituitary-adrenal-axis

activity™ and modulates neurotransmitter levels®, thus promoting
physiologic processes critical for memory.

Hyperglycemia increases the NMDA receptor-mediated calcium
entry into the neurons and may induce neuronal excitotoxic-
ity through an activation cascade ending by the release of ROS™.
Memantine, an uncompetitive NMDA receptor antagonist, sig-
nificantly improved serum glucose and insulin levels as well as
HOMA-IR in type 1 and type 2 diabetic groups compared to the
insulin-treated type 1 and untreated type 2 group, respectively. It
also significantly improved all tested cognitive functions in the type
1 DM group (with the exception of the escape latency to hidden
platform in the first three training blocks) compared to the type 1
group treated with insulin alone and in the type 2 DM group com-
pared to the untreated type 2 diabetic group which indicates a posi-
tive effect of blocking NMDA receptors on memory and synaptic
plasticity in diabetes. A similar dose of memantine has been shown
to improve cognitive function and to slow cognitive and functional
decline in Alzheimer disease transgenic rat models™.
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Figure 13. The type 2 diabetic group treated with memantine alone
shows some protective effect for the drug in the form of: (a): pres-
ervation of small pyramidal cells except for deepest layer (T) with
clumping of neuronal fibrils (f); but with (b): shrinkage and darken-
ing of many large pyramidal cells and (¢): clumping & disorganiza-
tion of granular cells with dilated vessels (v) and normal glial cells
(*) in molecular layer. (H & E x400).
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The importance of maintaining normal synaptic NMDA signal-
ing was demonstrated by Papadia et al.*'. Memantine cannot act
or accumulate in the NMDA channel when the channel is open
for several milliseconds as occurs during normal synaptic activity.
Instead, memantine only inhibits the prolonged influx of Ca* ions
and blocks abnormal glutamate excitatory signals*.

Hippocampal formation has long been known to be responsible for
learning and memory. These processes involve distinct, and inter-
linked, groups of efferent systems for episodic memory, affective
and social learning, and sensory processing and integration’*", all
of which could be affected by chronic diseases like diabetes.

Examination of normal and diabetic hippocampus sections revealed
marked effects of diabetes in the form of cell death in several areas, with
disruption of normal layer organization. This was associated by clump-
ing of neuronal processes (appearing as excess eosinophilia) which
is indicative of damage to neurons®”. These changes were markedly
improved by insulin therapy and by insulin and memantine, and were
less improved by memantine therapy alone.

The reaction of astrocytes may be the earliest response of the brain
tissue to an altered glucose metabolism®. In this work, GFAP was
significantly decreased in the untreated type 2 diabetic group com-
pared to the non-diabetic group, in agreement with several previ-
ous studies'>"’. However, GFAP was significantly elevated in the
untreated type 1 diabetic group compared to non-diabetics, support-
ed by the findings of Baydas et al.''. These findings showed that
untreated type 1 diabetes induced glial hyperactivity with increased
GFAP in the rats’ hippocampus. Baydas and colleagues attributed
this to the effect of reactive oxygen species especially because oxi-
dative stress occurs earlier in type 1 diabetes*.

Moreover; Lebed et al.*, assessed GFAP 3 and 7 days after STZ
injection using immunohistochemistry and demonstrated that the
reduced GFAP-positive cell count was found on day 3 when these
cells were significantly smaller and less arborized with respect to
the control. This tendency reversed on day 7 when more numerous
GFAP-positive cells grew in size and became more ramified.

Insulin in the type 1 group significantly decreased hippocampal
GFAP compared to untreated type 1 and non-diabetic groups. These
results agree with those of Lechuga-Sancho et al.*, but contradict
those of Coleman ef al.*’. Meanwhile, memantine significantly
increased GFAP expression compared to the insulin-treated group,
although it was still significantly lower than that of the non-diabetic-
memantine group, and GFAP was changed insignificantly in the type
2 diabetic group compared to the untreated type 2 group.

The significant decrease in GFAP expression found in the cur-
rent study in diabetic groups treated with memantine agrees with
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Figure 14. % area in the hippocampal field of glial fibrillatory acidic protein (GFAP) and Arc in the different studied groups assessed
by immunohistochemistry. *: significant compared to non-diabetic group, +: significant compared to non-diabetic-memantine group,
#: significant compared to untreated type 1 diabetic group, @: significant compared to type 1-insulin group, $: significant compared to
untreated type 2 diabetic group at p<0.05. Data are presented as mean+SD (n=6/group).

previous work by Miguel-Hidalgo et al’', who studied the neu-
roprotective effect of memantine against -amyloid-induced neu-
rodegeneration and concluded that memantine-treated animals
had significant reductions in GFAP immunostaining as compared
with vehicle-treated animals. Decreases in GFAP expression are
associated with detrimental conditions in the CNS¥, several of
which occur in GFAP knock-out mice and in diabetic individu-
als. Also; associated proliferation of astrocytic cells in the dam-
aged area of hippocampus (increased GFAP immunostaining) is a
common end result of damage to neurons in the CNS*. In sup-
port of the cognitive dysfunction, Arc was significantly decreased
in the untreated type 2 DM group compared to control. However;
Arc expression was insignificantly changed in the untreated type 1
diabetic group compared to the control group. Both synaptic plas-
ticity and memory are impaired in the absence of Arc'’, and inhibi-
tion of Arc protein in rats impaired maintenance of LTP beyond
4 hours™.

While insulin in the type 1 group significantly decreased hip-
pocampal Arc compared to the untreated and non-diabetic groups,
memantine significantly increased its expression in the type 1
group compared to the insulin treated group, and in the type 2
diabetic group compared to untreated type 2 group making Arc
expression nearer however still not identical to control group.
Rosi et al.” found that memantine restored Arc in hippocampus
CA3 cells that was disrupted by chronic neuroinflammation. Rial
et al.*® demonstrated that Arc reduces the number of glutamate
receptors, leading to a decrease in oi-amino-3-hydroxy-5-methyl-
4-isoxazole propionic acid receptor (AMPAR) mediated synaptic

currents, consistent with a role in the homeostatic regulation of
synaptic strength.

In the present study, although Arc was insignificantly changed in the
untreated type 1 diabetic group compared to the non-diabetic group,
the type 2 diabetic groups showed a significant decrease in Arc
expression in untreated type 2 compared to control. Mateos et al.”’,
found decreased expression of Arc in the cerebral cortex and
hippocampus of HFD-fed animals and linked this finding to HFD
supplied to type 2 diabetic rats.

Since desensitization of insulin receptors and impaired insulin sign-
aling are common features of diabetes’®, memantine may qualify
as potential future option to combat cognitive impairments and
dementia in diabetes.

The positive effects of memantine were absent in the non-diabetic
group. Memantine significantly impaired all tested cognitive per-
formances and significantly increased serum glucose. However, it
did significantly increase hippocampal GFAP compared to the non-
diabetic group, indicating that the beneficial effects of memantine
are only evident in the disease state.

In conclusion, both types of diabetes are associated with cognitive dys-
function. Insulin in type 1 DM and memantine in both diabetic types
could improve these parameters. Memantine had an advantage to be
able to improve astrocytic reactivity in type 1 DM and Arc expression
in both types of diabetes, which may spark a future therapeutic role of
the NMDARs antagonists in diabetes-associated cognitive dysfunction.
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Figure 15. Anti-GFAP immunostaining x400. (a) Non-diabetic control group. (b) Non-diabetic memantine group. (c) Type 1 DM untreated.
(d) Type 1 DM + insulin. (e) Type 1 DM + insulin + memantine. (f) Type 2 DM untreated. (g) Type 2 DM + memantine. Note increased staining
inb and c.
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Figure 16. Anti-Arc immunostaining x400. (a) Non-diabetic Control group. (b) Non-diabetic memantine group. (¢) Type 1 DM untreated. (d)
Type 1 DM + insulin. (e) Type 1 DM + insulin + memantine. (f) Type 2 DM untreated. (g) Type 2 DM + memantine. Note patchy disorganized
staining in d, and to a lesser extent in e.

Page 17 of 22



Author contributions

SNA wrote the work protocol, performed cognitive tests, statisti-
cal analysis and conducted the writing and revision of the manu-
script. SMY shared in protocol writing, writing of the manuscript
and supervised the work. MFY produced the histological exami-
nation slides, performed the photography and morphometric stud-
ies and helped with writing of the manuscript. LAR performed
the biochemical measurements. IM was the senior supervisor for
the whole work and the group leader.

F1000Research 2013, 2:151 Last updated: 21 JAN 2014

Competing interests
No relevant competing interests were disclosed.

Grant information

This work was partially funded by Cairo University by supplying
the kits for insulin measurement (ELISA), the primary and second-
ary antibodies used for immunostaining.

The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

References

1. Arvanitakis Z, Wilson RS, Bienias JL, et al.: Diabetes mellitus and risk of 16.  Gardoni F, Kamal A, Bellone C, et al.: Effects of streptozotocin-diabetes on
Alzheimer disease and decline in cognitive function. Arch Neurol. 2004; 61(5): the hippocampal NMDA receptor complex in rats. J Neurochem. 2002; 80(3):
661-666. 438-447.

PubMed Abstract | Publisher Full Text

2. Reagan LP: Insulin signaling effects on memory and mood. Curr Opin Pharmacol.
2007; 7(6): 633—-637.
PubMed Abstract | Publisher Full Text | Free Full Text

3. Belanger A, Lavoie N, Trudeau F, et al.: Preserved LTP and water maze learning
in hyperglycaemic-hyperinsulinemic ZDF rats. Physiol Behav. 2004; 83(3):
483-494.
PubMed Abstract | Publisher Full Text

4. Dringen R, Gutterer JM, Hirrlinger J: Glutathione metabolism in brain metabolic
interaction between astrocytes and neurons in the defense against reactive
oxygen species. Eur J Biochem. 2000; 267(16): 4912—-4916.

PubMed Abstract | Publisher Full Text

5. Zonta M, Angulo MC, Gobbo S, et al.: Neuron-to-astrocyte signaling is central to
the dynamic control of brain microcirculation. Nat Neurosci. 2003; 6(1): 43-50.
PubMed Abstract | Publisher Full Text

6. Swanson RA, Ying W, Kauppinen TM: Astrocyte influences on ischemic neuronal
death. Curr Mol Med. 2004; 4(2): 193—205.

PubMed Abstract | Publisher Full Text

7. Vargas MR, Johnson DA, Sirkis DW, et al.: Nrf2 activation in astrocytes protects
against neurodegeneration in mouse models of familial amyotrophic lateral
sclerosis. J Neurosci. 2008; 28(50): 13574-13581.

PubMed Abstract | Publisher Full Text | Free Full Text

8. Chen SH, Lin JK, Liu SH, et al.: Apoptosis of cultured astrocytes induced by the
copper and neocuproine complex through oxidative stress and JNK activation.
Toxicol Sci. 2008; 102(1): 138—149.

PubMed Abstract | Publisher Full Text

9. Koistinaho M, Lin S, Wu X, et al.: Apolipoprotein E promotes astrocyte
colocalization and degr: 1 of deposited amyloid-beta peptides. Nat Med.
2004; 10(7): 719-726.

PubMed Abstract | Publisher Full Text

10.  Voskuhl RR, Peterson RS, Song B, et al.: Reactive astrocytes form scar-like
perivascular barriers to leukocytes during adaptive immune inflammation of
the CNS. J Neurosci. 2009; 29(37): 11511-11522.

PubMed Abstract | Publisher Full Text | Free Full Text

11.  Baydas G, Netzeviiski VS, Tuscu M, et al.: Increase of glial fibrillary acidic protein
and S-100B in hippocampus and cortex of diabetic rats: effects of vitamin E.
Eur J Pharmacol. 2003; 462(1-3): 67-71.
PubMed Abstract | Publisher Full Text

12.  Afsari ZH, Renno WM, Abd-el-Basset E: Alteration of glial fibrillary acidic proteins
immunoreactivity in astrocytes of the spinal cord diabetic rats. Anat Rec
(Hoboken). 2008; 291(4): 390-399.
PubMed Abstract | Publisher Full Text

13.  Plath N, Ohana O, Dammermann B, et al.: Arc/Arg3.1 is essential for the consolidation
of synaptic plasticity and memories. Neuron. 2006; 52(3): 437-444.
PubMed Abstract | Publisher Full Text

14.  Ekstrom AD, Meltzer J, McNaughton BL, et al.: NMDA receptor antagonism blocks
experience-dependent expansion of hippocampal “place fields”. Neuron. 2001;
31(4): 631-638.

PubMed Abstract | Publisher Full Text

15.  Riedel G, Platt B, Micheau J: Glutamate receptor function in learning and memory.
Behav Brain Res. 2003; 140(1-2): 1-47.

PubMed Abstract | Publisher Full Text

PubMed Abstract | Publisher Full Text

17.  Searls YM, Loganathan R, Smirnova IV: Intracellular Ca2+ regulating proteins in
vascular smooth muscle cells are altered with type 1 diabetes due to the direct
effects of hyperglycemia. Cardiovasc Diabetol. 2010; 9: 8.

PubMed Abstract | Publisher Full Text | Free Full Text

18.  Nowicki MT, Aleksunes LM, Sawant SP, et al.: Renal and hepatic transporter
expression in type 2 diabetic rats. Drug Metab Lett. 2008; 2(1): 11-17.

PubMed Abstract | Publisher Full Text

19.  Zhou H, Lu WJ, Zhang ZJ, et al.: [Study of cognitive function and brain volume
in type 2 diabetic patients]. Zhonghua Yi Xue Za Zhi. 2010; 90(5): 327-331.
PubMed Abstract

20. Minkeviciene R, Banerjee P, Tanila H: Memantine improves spatial learning in a
transgenic mouse model of Alzheimer’s disease. J Pharmacol Exp Ther. 2004;
311(2): 677-682.

PubMed Abstract | Publisher Full Text

21. Grzeda E, Wisniewska RJ: Differentiations of the effect of NMDA on the spatial
learning of rats with 4 and 12 week diabetes mellitus. Acta Neurobiol Exp
(Wars). 2008; 68(3): 398—406.

PubMed Abstract

22.  Almonte AG, Hamill CE, Chhatwal JP, et al.: Learning and memory deficits in
mice lacking protease activated receptor-1. Neurobiol Learn Mem. 2007; 88(3):
295-304.

PubMed Abstract | Publisher Full Text | Free Full Text

23. Morris R: Developments of a water-maze procedure for studying spatial
learning in the rat. J Neurosci Methods. 1984; 11(1): 47—60.
PubMed Abstract | Publisher Full Text

24.  Norris CM, Foster TC: MK-801 improves retention in aged rats: implications for
altered neural plasticity in age-related memory deficits. Neurobiol Learn Mem.
1999; 71(2): 194-206.
PubMed Abstract | Publisher Full Text

25. Carter CS, Leeuwenburgh C, Daniels M, et al.: Influence of calorie restriction on
measures of age-related cogpnitive decline: role of increased physical activity.
J Gerontol A Biol Sci Med Sci. 2009; 64(8): 850—-859.
PubMed Abstract | Publisher Full Text | Free Full Text

26. Trinder P: Determination of glucose in blood using glucose oxidase with an
alternative oxygen acceptor. Ann Clin Biochem. 1969; 6: 24-27.
Reference Source

27. Thulé PM, Campbell AG, Kleinhenz DJ, et al.: Hepatic insulin gene therapy
prevents deterioration of vascular function and improves adipocytokine profile
in STZ-diabetic rats. Am J Physiol Endocrinol Metab. 2006; 290(1): E114-E122.
PubMed Abstract | Publisher Full Text

28.  Kaji M, Nomura M, Tamura Y: Relationships between insulin resistance, blood
glucose levels and gastric motility: an electrogastrography and external
ultrasonography study. J Med Invest. 2007; 54(1-2): 168—-176.

PubMed Abstract | Publisher Full Text

29. Francis GJ, Martinez JA, Liu WQ, et al.: Intranasal insulin prevents cognitive
decline, cerebral atrophy and white matter changes in murine type | diabetic
encephalopathy. Brain. 2008; 131(Pt 12): 3311-3334.

PubMed Abstract | Publisher Full Text

30. Bancroft JD: Theory and practice of histological techniques. 6th Edition, Elsevier
Health Sciences. 2008.

Reference Source

Page 18 of 22


http://www.ncbi.nlm.nih.gov/pubmed/15148141
http://www.ncbi.nlm.nih.gov/pubmed/15148141
http://dx.doi.org/10.1001/archneur.61.5.661
http://www.ncbi.nlm.nih.gov/pubmed/18023616
http://www.ncbi.nlm.nih.gov/pubmed/18023616
http://dx.doi.org/10.1016/j.coph.2007.10.012
http://www.ncbi.nlm.nih.gov/pmc/articles/2193628
http://www.ncbi.nlm.nih.gov/pubmed/15581671
http://www.ncbi.nlm.nih.gov/pubmed/15581671
http://dx.doi.org/10.1016/j.physbeh.2004.08.031
http://www.ncbi.nlm.nih.gov/pubmed/10931173
http://www.ncbi.nlm.nih.gov/pubmed/10931173
http://dx.doi.org/10.1046/j.1432-1327.2000.01597.x
http://www.ncbi.nlm.nih.gov/pubmed/12469126
http://www.ncbi.nlm.nih.gov/pubmed/12469126
http://dx.doi.org/10.1038/nn980
http://www.ncbi.nlm.nih.gov/pubmed/15032713
http://www.ncbi.nlm.nih.gov/pubmed/15032713
http://dx.doi.org/10.2174/1566524043479185
http://www.ncbi.nlm.nih.gov/pubmed/19074031
http://www.ncbi.nlm.nih.gov/pubmed/19074031
http://dx.doi.org/10.1523/JNEUROSCI.4099-08.2008
http://www.ncbi.nlm.nih.gov/pmc/articles/2866507
http://www.ncbi.nlm.nih.gov/pubmed/18056745
http://www.ncbi.nlm.nih.gov/pubmed/18056745
http://dx.doi.org/10.1093/toxsci/kfm292
http://www.ncbi.nlm.nih.gov/pubmed/15195085
http://www.ncbi.nlm.nih.gov/pubmed/15195085
http://dx.doi.org/10.1038/nm1058
http://www.ncbi.nlm.nih.gov/pubmed/19759299
http://www.ncbi.nlm.nih.gov/pubmed/19759299
http://dx.doi.org/10.1523/JNEUROSCI.1514-09.2009
http://www.ncbi.nlm.nih.gov/pmc/articles/2768309
http://www.ncbi.nlm.nih.gov/pubmed/12591097
http://www.ncbi.nlm.nih.gov/pubmed/12591097
http://dx.doi.org/10.1016/S0014-2999(03)01294-9
http://www.ncbi.nlm.nih.gov/pubmed/18360886
http://www.ncbi.nlm.nih.gov/pubmed/18360886
http://dx.doi.org/10.1002/ar.20678
http://www.ncbi.nlm.nih.gov/pubmed/17088210
http://www.ncbi.nlm.nih.gov/pubmed/17088210
http://dx.doi.org/10.1016/j.neuron.2006.08.024
http://www.ncbi.nlm.nih.gov/pubmed/11545721
http://www.ncbi.nlm.nih.gov/pubmed/11545721
http://dx.doi.org/10.1016/S0896-6273(01)00401-9
http://www.ncbi.nlm.nih.gov/pubmed/12644276
http://www.ncbi.nlm.nih.gov/pubmed/12644276
http://dx.doi.org/10.1016/S0166-4328(02)00272-3
http://www.ncbi.nlm.nih.gov/pubmed/11908465
http://www.ncbi.nlm.nih.gov/pubmed/11908465
http://dx.doi.org/10.1046/j.0022-3042.2001.00713.x
http://www.ncbi.nlm.nih.gov/pubmed/20122173
http://www.ncbi.nlm.nih.gov/pubmed/20122173
http://dx.doi.org/10.1186/1475-2840-9-8
http://www.ncbi.nlm.nih.gov/pmc/articles/2829469
http://www.ncbi.nlm.nih.gov/pubmed/19356064
http://www.ncbi.nlm.nih.gov/pubmed/19356064
http://dx.doi.org/10.2174/187231208783478425
http://www.ncbi.nlm.nih.gov/pubmed/20368055
http://www.ncbi.nlm.nih.gov/pubmed/20368055
http://www.ncbi.nlm.nih.gov/pubmed/15192085
http://www.ncbi.nlm.nih.gov/pubmed/15192085
http://dx.doi.org/10.1124/jpet.104.071027
http://www.ncbi.nlm.nih.gov/pubmed/18668163
http://www.ncbi.nlm.nih.gov/pubmed/18668163
http://www.ncbi.nlm.nih.gov/pubmed/17544303
http://www.ncbi.nlm.nih.gov/pubmed/17544303
http://dx.doi.org/10.1016/j.nlm.2007.04.004
http://www.ncbi.nlm.nih.gov/pmc/articles/2040495
http://www.ncbi.nlm.nih.gov/pubmed/6471907
http://www.ncbi.nlm.nih.gov/pubmed/6471907
http://dx.doi.org/10.1016/0165-0270(84)90007-4
http://www.ncbi.nlm.nih.gov/pubmed/10082639
http://www.ncbi.nlm.nih.gov/pubmed/10082639
http://dx.doi.org/10.1006/nlme.1998.3864
http://www.ncbi.nlm.nih.gov/pubmed/19420296
http://www.ncbi.nlm.nih.gov/pubmed/19420296
http://dx.doi.org/10.1093/gerona/glp060
http://www.ncbi.nlm.nih.gov/pmc/articles/2709546
http://ci.nii.ac.jp/naid/10006573331
http://ci.nii.ac.jp/naid/10006573331
http://www.ncbi.nlm.nih.gov/pubmed/16118252
http://www.ncbi.nlm.nih.gov/pubmed/16118252
http://dx.doi.org/10.1152/ajpendo.00134.2005
http://www.ncbi.nlm.nih.gov/pubmed/17380029
http://www.ncbi.nlm.nih.gov/pubmed/17380029
http://dx.doi.org/10.2152/jmi.54.168
http://www.ncbi.nlm.nih.gov/pubmed/19015157
http://www.ncbi.nlm.nih.gov/pubmed/19015157
http://dx.doi.org/10.1093/brain/awn288
http://books.google.co.in/books/about/Theory_and_Practice_of_Histological_Tech.html?id=Dhn2KispfdQC
http://books.google.co.in/books/about/Theory_and_Practice_of_Histological_Tech.html?id=Dhn2KispfdQC

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Happerfield LC, Bobrow LG, Bains RM, et al.: Peroxidase labelling
immunocytochemistry: a comparison of eleven commercially available avidin-
biotin systems. BrJ Biomed Sci. 1993; 50(1): 21-26.

PubMed Abstract

Altman GD: Comparing groups: three or more independent groups of
observations in practical statistics for medical research. Chapman and Hall.
2005.

Reference Source

Popovic M, Biessels GJ, Isaacson RL, et al.: Learning and memory in streptozotocin-
induced diabetic rats in a novel spatial/object discrimination task. Behav Brain
Res. 2001; 122(2): 201-207.

PubMed Abstract | Publisher Full Text

Biessels GJ, Kamal A, Urban IJ, et al.: Water maze learning and hippocampal
synaptic plasticity in streptozotocin-diabetic rats: effects of insulin treatment.
Brain Res. 1998; 800(1): 125—135.

PubMed Abstract | Publisher Full Text

Carro E, Torres-Aleman |: The role of insulin and insulin-like growth factor
I in the molecular and cellular mechanisms underlying the pathology of
Alzheimer’s disease. Eur J Pharmacol. 2004; 490(1-3): 127—-133.

PubMed Abstract | Publisher Full Text

Dou JT, Chen M, Dufour F, et al.: Insulin receptor signaling in long-term memory
consolidation following spatial learning. Learn Mem. 2005; 12(6): 646—-655.
PubMed Abstract | Publisher Full Text | Free Full Text

Stranahan AM, Arumugam TV, Cutler RG, et al.: Diabetes impairs hippocampal
function through glucocorticoid-mediated effects on new and mature neurons.
Nat Neurosci. 2008; 11(3): 309-317.

PubMed Abstract | Publisher Full Text | Free Full Text

Hallschmid M, Benedict C, Schultes B, et al.: Obese men respond to cognitive but
not to catabolic brain insulin signaling. Int J Obes (Lond). 2008; 32(2): 275-282.
PubMed Abstract | Publisher Full Text

Watson GS, Craft S: Modulation of memory by insulin and glucose: neuropsychological
observations in Alzheimer’s disease. Eur J Pharmacol. 2004; 490(1-3): 97-113.
PubMed Abstract | Publisher Full Text

Li PA, Shuaib A, Miyashita H, et al.: Hyperglycemia enhances extracellular
glutamate accumulation in rats subjected to forebrain ischemia. Stroke. 2000;
31(1): 183-192.

PubMed Abstract | Publisher Full Text

Papadia S, Soriano FX, Léveillé F, et al.: Synaptic NMDA receptor activity boosts
intrinsic antioxidant defenses. Nat Neurosci. 2008; 11(4): 476—487.

PubMed Abstract | Publisher Full Text | Free Full Text

Chen HS, Lipton SA: The chemical biology of clinically tolerated NMDA receptor
antagonists. J Neurochem. 2006; 97(6): 1611-1626.
PubMed Abstract | Publisher Full Text

Aggleton JP: Multiple anatomical systems embedded within the primate medial
temporal lobe: Implications for hippocampal function. Neurosci Biobehav Rev.
2012; 36(7): 1579-1596.

PubMed Abstract | Publisher Full Text

Retailleau A, Etienne S, Guthrie M, et al.: Where is my reward and how do | get
it? Interaction between the hippocampus and the basal ganglia during spatial
learning. J Physiol Paris. 2012; 106(3—4): 72-80.

PubMed Abstract | Publisher Full Text

Stevens A, Lowe J, Young B: Nervous system, in Wheater’s Basic Histopathology.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

F1000Research 2013, 2:151 Last updated: 21 JAN 2014

4th edition, reprint 2003, Churchill Livingstone Elsevier Science Itd, 2002; 268-274.
Lebed YV, Orlovsky MA, Nikonenko AG, et al.: Early reaction of astroglial cells

in rat hippocampus to streptozotocin-induced diabetes. Neurosci Lett. 2008;
444(2): 181-185.

PubMed Abstract | Publisher Full Text

Coleman E, Judd R, Hoe L, et al.: Effects of diabetes mellitus on astrocyte GFAP
and glutamate transporters in the CNS. Glia. 2004; 48(2): 166—178.

PubMed Abstract | Publisher Full Text

Hoeldtke RD, Bryner KD, McNeill DR, et al.: Oxidative stress and insulin requirements
in patients with recent-onset type 1 diabetes. J Clin Endocrinol Metab. 2003;
88(4): 1624-1628.

PubMed Abstract | Publisher Full Text

Lechuga-Sancho AM, Arroba Al, Frago LM, et al.: Reduction in the number of
astrocytes and their projections is associated with increased synaptic protein
density in the hypothalamus of poorly controlled diabetic rats. Endocrinology.
2006; 147(11): 5314-5324.

PubMed Abstract | Publisher Full Text

Coleman ES, Dennis JC, Braden TD, et al.: Insulin treatment prevents diabetes-
induced alterations in astrocyte glutamate uptake and GFAP content in rats at
4 and 8 weeks of diabetes duration. Brain Res. 2010; 1306: 131—141.

PubMed Abstract | Publisher Full Text | Free Full Text

Miguel-Hidalgo JJ, Alvarez XA, Cacabelos R, et al.: Neuroprotection by memantine
against neurodegeneration induced by beta-amyloid(1-40). Brain Res. 2002;
958(1): 210-221.

PubMed Abstract | Publisher Full Text

Pekny M, Pekna M: Astrocyte intermediate filaments in CNS pathologies and
regeneration. J Pathol. 2004; 204(4): 428—437.

PubMed Abstract | Publisher Full Text

Stevens A, Lowe JS, Young B: Nervous system, in Wheater’s Basic Histopathology,
a colour atlas and text, fourth edition. Churchill Livingstone, Elsevier Science
Limited, Edinburgh, London, New York, 2003; 269-270.

Reference Source

Guzowski JF, Lyford GL, Stevenson GD, et al.: Inhibition of activity-dependent arc
protein expression in the rat hippocampus impairs the maintenance of long-
term potentiation and the consolidation of long-term memory. J Neurosci. 2000;
20(11): 3993-4001.

PubMed Abstract

Rosi S, Ramirez-Amaya V, Vazdarjanova A, et al.: Accuracy of hippocampal
network activity is disrupted by neuroinflammation: rescue by memantine.
Brain. 2009; 132(9): 2464-2477.

PubMed Abstract | Publisher Full Text | Free Full Text

Rial Verde EM, Lee-Osbourne J, Worley PF, et al.: Increased expression of the
immediate-early gene arc/arg3.1 reduces AMPA receptor-mediated synaptic
transmission. Neuron. 2006; 52(3): 461-474.

PubMed Abstract | Publisher Full Text

Mateos L, Akterin S, Gil-Bea FJ, et al.: Activity-regulated cytoskeleton-
associated protein in rodent brain is down-regulated by high fat diet in vivo
and by 27-hydroxycholesterol in vitro. Brain Pathol. 2009; 19(1): 69-80.
PubMed Abstract | Publisher Full Text

Hoyer S: The aging brain. Changes in the neuronal insulin/insulin receptor
signal transduction cascade trigger late-onset sporadic Alzheimer disease
(SAD). A mini-review. J Neurol Transm. 2002; 109(7-8): 991-1002.

PubMed Abstract | Publisher Full Text

Page 19 of 22


http://www.ncbi.nlm.nih.gov/pubmed/8032290
http://www.ncbi.nlm.nih.gov/pubmed/8032290
http://www.stata.com/bookstore/practical-statistics-for-medical-research/
http://www.stata.com/bookstore/practical-statistics-for-medical-research/
http://www.ncbi.nlm.nih.gov/pubmed/11334650
http://www.ncbi.nlm.nih.gov/pubmed/11334650
http://dx.doi.org/10.1016/S0166-4328(01)00186-3
http://www.ncbi.nlm.nih.gov/pubmed/9685609
http://www.ncbi.nlm.nih.gov/pubmed/9685609
http://dx.doi.org/10.1016/S0006-8993(98)00510-1
http://www.ncbi.nlm.nih.gov/pubmed/15094079
http://www.ncbi.nlm.nih.gov/pubmed/15094079
http://dx.doi.org/10.1016/j.ejphar.2004.02.050
http://www.ncbi.nlm.nih.gov/pubmed/16287721
http://www.ncbi.nlm.nih.gov/pubmed/16287721
http://dx.doi.org/10.1101/lm.88005
http://www.ncbi.nlm.nih.gov/pmc/articles/1356184
http://www.ncbi.nlm.nih.gov/pubmed/18278039
http://www.ncbi.nlm.nih.gov/pubmed/18278039
http://dx.doi.org/10.1038/nn2055
http://www.ncbi.nlm.nih.gov/pmc/articles/2927988
http://www.ncbi.nlm.nih.gov/pubmed/17848936
http://www.ncbi.nlm.nih.gov/pubmed/17848936
http://dx.doi.org/10.1038/sj.ijo.0803722
http://www.ncbi.nlm.nih.gov/pubmed/15094077
http://www.ncbi.nlm.nih.gov/pubmed/15094077
http://dx.doi.org/10.1016/j.ejphar.2004.02.048
http://www.ncbi.nlm.nih.gov/pubmed/10625736
http://www.ncbi.nlm.nih.gov/pubmed/10625736
http://dx.doi.org/10.1161/01.STR.31.1.183
http://www.ncbi.nlm.nih.gov/pubmed/18344994
http://www.ncbi.nlm.nih.gov/pubmed/18344994
http://dx.doi.org/10.1038/nn2071
http://www.ncbi.nlm.nih.gov/pmc/articles/2556874
http://www.ncbi.nlm.nih.gov/pubmed/16805772
http://www.ncbi.nlm.nih.gov/pubmed/16805772
http://dx.doi.org/10.1111/j.1471-4159.2006.03991.x
http://www.ncbi.nlm.nih.gov/pubmed/21964564
http://www.ncbi.nlm.nih.gov/pubmed/21964564
http://dx.doi.org/10.1016/j.neubiorev.2011.09.005
http://www.ncbi.nlm.nih.gov/pubmed/22033208
http://www.ncbi.nlm.nih.gov/pubmed/22033208
http://dx.doi.org/10.1016/j.jphysparis.2011.10.002
http://www.ncbi.nlm.nih.gov/pubmed/18708122
http://www.ncbi.nlm.nih.gov/pubmed/18708122
http://dx.doi.org/10.1016/j.neulet.2008.07.094
http://www.ncbi.nlm.nih.gov/pubmed/15378652
http://www.ncbi.nlm.nih.gov/pubmed/15378652
http://dx.doi.org/10.1002/glia.20068
http://www.ncbi.nlm.nih.gov/pubmed/12679448
http://www.ncbi.nlm.nih.gov/pubmed/12679448
http://dx.doi.org/10.1210/jc.2002-021525
http://www.ncbi.nlm.nih.gov/pubmed/16873533
http://www.ncbi.nlm.nih.gov/pubmed/16873533
http://dx.doi.org/10.1210/en.2006-0766
http://www.ncbi.nlm.nih.gov/pubmed/19822133
http://www.ncbi.nlm.nih.gov/pubmed/19822133
http://dx.doi.org/10.1016/j.brainres.2009.10.005
http://www.ncbi.nlm.nih.gov/pmc/articles/2787763
http://www.ncbi.nlm.nih.gov/pubmed/12468047
http://www.ncbi.nlm.nih.gov/pubmed/12468047
http://dx.doi.org/10.1016/S0006-8993(02)03731-9
http://www.ncbi.nlm.nih.gov/pubmed/15495269
http://www.ncbi.nlm.nih.gov/pubmed/15495269
http://dx.doi.org/10.1002/path.1645
http://www.sigmaaldrich.com/catalog/product/sigma/z700029?lang=en&region=IN
http://www.sigmaaldrich.com/catalog/product/sigma/z700029?lang=en&region=IN
http://www.ncbi.nlm.nih.gov/pubmed/10818134
http://www.ncbi.nlm.nih.gov/pubmed/10818134
http://www.ncbi.nlm.nih.gov/pubmed/19531533
http://www.ncbi.nlm.nih.gov/pubmed/19531533
http://dx.doi.org/10.1093/brain/awp148
http://www.ncbi.nlm.nih.gov/pmc/articles/2732266
http://www.ncbi.nlm.nih.gov/pubmed/17088212
http://www.ncbi.nlm.nih.gov/pubmed/17088212
http://dx.doi.org/10.1016/j.neuron.2006.09.031
http://www.ncbi.nlm.nih.gov/pubmed/18503570
http://www.ncbi.nlm.nih.gov/pubmed/18503570
http://dx.doi.org/10.1111/j.1750-3639.2008.00174.x
http://www.ncbi.nlm.nih.gov/pubmed/12111436
http://www.ncbi.nlm.nih.gov/pubmed/12111436
http://dx.doi.org/10.1007/s007020200082

FIOOOResearch F1000Research 2013, 2:151 Last updated: 21 JAN 2014

Current Referee Status: 4 D U

Referee Responses for Version 1

Louiza Belkacemi
The Life Science Health Center, University of Western Ontario, London, ON, Canada

Approved with reservations: 17 July 2013

Referee Report: 17 July 2013

This article sought to investigate the effect of diabetes mellitus on cognitive functions and related markers
of hippocampal synaptic plasticity, and the potential impact of blocking N-methyl-D-aspartic acid (NMDA)
receptors by memantine in type 1 and 2 diabetes mellitus in rat models. Their results showed that both
types of diabetes negatively impact cognitive functions.

The study is well designed and easy to follow but further clarifications are needed on the following points.
METHODS

Experimental design and animals
® Explain why the albino rat was specifically chosen for their research.
® Explain how the 6 rats per group were chosen. Was power of analysis performed?
Induction of diabetes
®  Forthe type 1 diabetes induced rats, when the single intraperitoneal (i.p.) injection of 65 mg/kg
STZ was given and for how long?
® Fortype 2 diabetes, why the investigators fed the rats high fat diet (HFD: 58% Kcal fat) for a period
of 2 weeks before STZ injection?
®  How often the blood glucose levels and body weights of all rats were assessed? Did the
investigators measure the blood glucose of all the rats before STZ injection of the diabetes type 2
DM groups? If so, how glucose levels of injected type 1DM, type 2 DM (before injection) compares
to the controls, and how type 1 DM compares to type 2 DM (before injection)? Do the authors think
that the fat diet may be a confounding parameter in the type 2 DM?
Insulin treatment
® Please add when exactly the insulin treatment was started for each group. Explain why the dose of
insulin given to the treated rats was the same in type and type 2 diabetic rats. Why the
subcutaneous route was used for injection?
Histological staining
® The authors wrote that the brains were removed and placed in a new formaldehyde solution for 24
hrs. Please add the concentration of this paraformaldehyde solution. Were the brains left at room
temperature or stored at 4°C during those extra 24 hrs prior to paraffin embedding?
® GFAP immunoreactivity scoring using QWin 500 software requires a more accurate description.
For example, describe how immunoreactive areas were chosen? How areas were classified as
positive or negative? How thresholds evaluating color and intensity of staining were selected?
RESULTS

Metabolic parameters in the different studied groups
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®  How type 2 DM group treated with both insulin and memantine compares with type 2
treated with insulin alone?
Hematoxylin and eosin stained sections
® |nfigure 8, please give the percentage decrease in thickness of small and large pyramidal cell
layers from non-diabetic groups receiving memantine alone. Also add the percentage of
enlargement of pyramidal cells.
® |nfigure 9, please add the percentage of size decrease in the large pyramidal cells from the type 1
DM group?
® |nfigure 10, by how much the level of apoptosis in large cells was decreased? Describe how the
number of apoptotic cells was counted?
® |nfigure, 11, by how much the level of apoptosis in large cells was decreased in the group treated
with memantine? And how dilation of vessels was evaluated?
Effect of diabetes and memantine on hippocampal synaptic markers
® Give % ARC distribution for all experimental conditions vs. respective matched controls.
® Give the % of GFAP staining for all experimental conditions vs. respective matched controls.

IMMUNOHISTOCHEMICAL STAINS

GFAP immunostaining
® The title of this section is confusing. What is the difference between area of Arc and GFAP
distribution and immunostaining of these two proteins? Please clarify.
® Please add % level or fold change of GFAP and ARC immunostaining for type 1 DM and type 2
DM, as compared to their respective controls.
® All the figures should have scale bars, not just magnification at which the pictures were taken.
DISCUSSION
® The first sentence of this section “Diabetes is associated with several adverse effects on the brain,
some of which may result primarily from direct consequences of chronic hyperglycemia” needs
reference.
®  The authors should discuss findings that contrast with theirs.

I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard, however | have significant reservations, as outlined
above.
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This study by Amin et al. accessed the effects of memantine (NMDA receptor blocker marketed as an
Alzheimer’s disease medication) on hippocampal histology and functions in diabetes model rats. The
authors presented interesting data. Both of their functional and histological results showed severe
impairment in pathological groups, and memantine partially alleviated these impairments in some cases.
However, in the non-diabetic group treated with memantine, impairments similar to the pathological
groups were observed. Thus, the potential benefit by memantine was only evident in diabetic conditions.
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While there are interesting observations in the study, it also raises concerns regarding the experiment
design and data interpretation. Major concerns:

1. While the authors claimed memantine effectively improved nearly all quantitative test scores in
both type | and type Il diabetes groups, some improvement data upon the type | group were
actually lacking. The authors only compared the type | diabetic rats treated with insulin to type |
diabetic rats treated with both insulin and memantine, but did not compare untreated type | diabetic
rats to memantine treated type | diabetic rats. Thus, based on the presented data, it is very difficult
to access the effects of memantine alone on type | biabetic hippocampal function and histology.

2. While the paper concludes that memantine significantly improved the type | diabetic pathology, the
data presented showed only very marginal improvements by memantine on top of insulin
(especially Figure 2, 4, 5). These differences were statistically significant only because of the
extremely small standard deviations in the data.

Minor concerns:

1. Some wordings describing effects need to be changed. Specifically, the last paragraph of page 7
says “Administration of memantine to the non-diabetic group had less beneficial effects...” In fact,
that treatment severely impaired all functions tested, instead of just being “less beneficial”.

2. The SDs in many of the graphs are very small. It would be a lot more informative if statistical
significance levels of p<0.01 and p<0.001 were included in addition to the mere p<0.05. This
would help the readers to appreciate the statistical strength of the conclusions.

| have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard, however | have significant reservations, as outlined
above.

Competing Interests: No competing interests were disclosed.
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Approved: 16 July 2013
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This article presents experiments that are very well described. The title is appropriate for the content of
the manuscript and the conclusions are appropriate to the results obtained and not overstated. Materials
and methods are clearly described so as the experiments can be replicated. The study could be
strengthened by adding early on in the manuscript (e.g. introduction) more information about memantine,
which is the NMDAR blocker used in the study.
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Competing Interests: No competing interests were disclosed.

Page 22 of 22



