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Abstract
Objective: Mild cognitive impairment (MCI) is a cognitive syndrome in the elderly individuals. MCI drug treatment
is still under debate. On the other hand, MCI progress is higher in people with diabetes mellitus type 2. This study was
designed to determine the effect of Memantine on oxidant and antioxidant indexes among the elderly with prediabetes
and MCI.
Method: The present study is a double-blind randomized clinical trial which was conducted on 50 elderly patients
over 60 years of age who had been diagnosed with prediabetes and MCI. Subjects were divided into intervention and
control groups. The intervention group was treated with Memantine and Metformin and the control group received
Metformin only. The data were collected before and after the study by blood tests and clinical examination and
analyzed by using correlation test, independent and paired sample t-test in SPSS v.23 software.
Results: The subjects included 22 men and 28 women. The mean age subject was 72.87 ± 3.95. Regarding the
control group, the oxidative indexes including Advanced Glycation End Products (AGEs) and Advanced oxidation
protein products (AOPP) decreased significantly (p value<0.001, df: 48). Regarding the intervention group, the
oxidant indexes including AGEs and AOPP significantly decreased. In addition, antioxidant indexes such as LAP and
Lecithin-cholesterol acyltransferase (LCAT) indexes increased considerably (p value<0.001, df: 48).
Conclusion: Based on the results, the combination therapy with Memantine and Metformin for elderly patients
with Prediabetic State and MCI may decrease oxidant indexes and increase the effect on antioxidant indices.

Keywords: Cognitive dysfunction; Prediabetic state; Oxidants;
Antioxidants

Introduction
The elderly population of the world has grown rapidly over the
last two centuries, due to factors such as declining birth rate, increased
life expectancy, and medical advances [1]. By 2050, the world's elderly
population is expected to reach more than two billion people [2]. With
the increasing number of elderly people, the prevalence of age-related
diseases has increased, among which Alzheimer is regarded as one
of the most important of these diseases. Predictions suggest that the
population of the elderly with Alzheimer's will reach to 115 million by
2050 [3].
Cognitive impairment is a neurological disorder in the elderly
people which includes Mild Cognitive Impairment (MCI), Alzheimer’s
disease (AD), and Vascular Dementia (VD). AD is the most common
cause of dementia among the elderly people and is affected by a cascade
process including various mechanisms such as amyloid deposition,
inflammation, high amounts free radicals, synapses and neurons
loss and dysfunction of neurotransmitters [4]. MCI is a pre-stage of
Alzheimer’s disease and the transitional phase of the cognitive decline
associated with age to the more serious cognitive decline in dementia
[5,6]. The mild cognitive impairment includes two types of amnestic
and non-amnestic, memory loss is the main symptom of the Amnestic
MCI, and it is the main non-amnestic symptom in other cognitive
domains [7]. As compared to the elderly with Normal Cognitive Aging,
the elderly with MCI are 3-5 times more likely to be exposed to AD [8].
Diabetes mellitus type 2 is a chaotic public health problem which is on
the rise. In addition, the effects of diabetes on the peripheral nervous
system were confirmed although its impact on higher mental functions
has been neglected [9]. The prevalence of diabetes and cognitive
impairment is accelerated in the elderly ages [10]. The incidence of MCI
in people with diabetes is higher than those without diabetes, but its
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pathophysiology is unclear [11]. It has been argued that high levels of
glucose can adversely affect cognition without revealing the symptoms
of diabetes mellitus [12]. Prediabetic State is the period before the onset
of diabetes and is a condition including Impaired Fasting Glucose (IFG)
and Impaired Glucose Tolerance (IGT) [13]. Prediabetes and diabetes
mellitus appear to increase oxidative stress by creating reactive oxygen
species (ROS) [14].
High levels of glucose can lead to cognitive impairment through the
mechanisms of Advanced Glycation End Products (AGEs), Oxidative
stress, insulin resistance, and microvascular disease of the central
nervous system [15,16]. Further, increased levels of glucose in the cell
lead to nonenzymatic glycosylation of cellular proteins, lipoproteins, or
nucleic acids [17]. On the other hand, AGEs increase over the elderly
ages [18].
During 1993-2003, four inhibitors of Cholinesterase and
Memantine have been approved for the symptomatic treatment of
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Alzheimer’s disease in the United States and Europe [19], but none has
been confirmed for the treatment of individuals with MCI and require
further research on the MCI therapeutic model [8]. Memantine is a
non-competitive inhibitor for N-methyl-D-aspartate receptor, which
prevents over-stimulation of this NMDA-receptor by Glutamate (a
defective memory factor in Alzheimer’s disease) [20]. A large body of
research suggested that Memantine can reduce the production of free
radicals [21,22].

hydrochloride intervention group, initially 5 mg of Memantine was
prescribed per day under the supervision of a neurologist, which
gradually increased to 10 mg per day regarding the neurologist’s
agreement. In addition, the patients in the intervention group were
treated by 500 mg Metformin tablets. Regarding the control group, only
Metformin was given as 500 mg tablets based on related neurologist.
Based on the results, it was found that Memantine is not antagonist
with Metformin [23-27].

So far, no systematic and comprehensive research has been
conducted on the effect of Memantine on the oxidative and antioxidant
indexes of patients with MCI and prediabetes although they were
proposed in the form of a single study. In addition, considering the
importance of oxidative stress among the studies conducted during the
recent and the role of diabetes mellitus in intensifying and accelerating
the progression of MCI, this study was conducted to determine the
effect of Memantine on oxidative and antioxidant indexes among
patients with prediabetes and MCI.

Then, the subjects’ blood pressure was measured by a standard
barometer (Riester, Bing Ben adults, Germany) after 10 minutes of rest
and while sitting. The mean of the two measurements within 5 minutes
was recorded as systolic and diastolic blood pressures of the individuals.
The subjects’ weight subject was recorded by the Digital Scale (Beurer,
GS49, Germany) wearing a light weight dress and the nearest 0.1 kg. In
addition, the height of the subjects was measured and recorded at the
precision of 0.1 cm by a standard stadiometer, standing and without shoe.
Body mass index (BMI) was calculated based on the Quetelet formula
((height in meter) 2/weight in kilograms). The waist circumference of
the subjects subject was measured in the middle of the lower edge of
the ribs and iliac crest, and the hip circumference was measured at the
wings of the widest hips by a flexible meter. First, at least after 10-hour
fasting, 10 ml of venous blood sample was taken from each subject in the
hospital environment. The blood samples of both groups were prepared
and collected according to the principles of sterilization during the preadministration of Memantine and the samples were stored at -80°C.

Methodology
This study is a randomized and double blind clinical trial study. The
population included elderly patients with Prediabetes and MCI who
referred to Memory and Behavioral Neurology Department located
in Rouzbeh Hospital. Inclusion criteria were the ages between 65 and
80, comorbidity with Prediabetes and MCI. Exclusion criteria included
the unwillingness to continue study, depression, history of chronic
underlying diseases such as renal, pulmonary and liver diseases,
history of treatment with memantine and other treatments for mild
cognitive impairment, history of degenerative diseases like cancer
or AIDS, alcohol consumption in the past month, ongoing smoking
habit, present consumption of drugs and supplements and antioxidant
vitamins, the occurrence of adverse effects of the drug or its lack of
effect. Individuals were selected for physical and mental examination
by a neurologist during an initial visit. The mild cognitive impairment
was determined according to the criteria in Table 1 by the neurologist.
Then, based on Fasting Blood Sugar test (between 100 and 126 mg /dL),
patients with Prediabetic State were selected during two visits.
Patients who entered the memory and neurology clinic of Roozbeh
Hospital were randomly assigned into intervention and control groups
according to their eligibility for inclusion (N=25 for each group). The
sample size based on the following formula and (α, 1: 0, β: 25/25: d,
7/28: S1, 15: S2) which were excluded in other studies, was estimated to
be about 18 individuals
The sample size based on the following formula (α, 1: 0, β: 25/25: d,
7/28: S1, 15: S2)
2

α


2
2
 Z1 − + Z1 − β  ( S1 + S 2 )
2


n=
( d )2

By a 20% drop which is equivalent to 4 individuals, as well as
considering the referring statue of the patients to the clinic, the total
number of subjects was 25 in each group (50 in total). In the Memantine

Fasting blood glucose (FBD) levels are measured by glucose oxidase
colorimetric assay and kit made by Pars Test company in Iran and by the
BT-3000 Auto-Analyzer (plus) device made by Biotechnica factory in Italy.
In order to evaluate the oxidant and antioxidant indexes, fluorometry was
applied to determine the activity of lipoprotein lipase (LPL) in serum by
LPL Activity Assay made by Roar Company in the USA and the activity
of lecithin cholesterol acyl transferase (LCAT) was determined which
was produced by Calbiochem Company in the USA. For this purpose,
Floustar Spectrofluorometer device manufactured by BMG Company in
Germany was used. The activity of serum Paraoxonase 1 - PON1 was
assayed based on enzymatic colorimetric assay by Fully Automated
Paraoxonase Activity Measurement Kit made by Rel Assay Diagnostics in
Turkey and Sunrise ELISA micro plate reader made by Tecan Company in
Austria. Advanced Oxidation Protein Products (AOPP) was determined
by using Shimadzu Spectrophotometer, model UV-3100, manufactured
by the Japan and based on the Kalousova method. In order to measure
Ferric Reducing Ability of Plasma (FRAP), 750 μl of FRAP reagent was
added to 25 μl of plasma in the test tubes, and their absorbance was read
in 593 nm wave length.
In the next procedure, the FRAP reagent was prepared by mixing
300 mM 3-acetate buffer with pH 3.6, 10 mM 2,4,6-tripyridynl-striazine (TPTZ) in 40 mM chloride acid, as well as 20 Mm hexahydrate
ferric chloride , in proportions 1.1.10. In this method, the antioxidant
agents found in the test sample resulted in reducing the ferric terpyridyl
triazine (TPTZ-Fe3+) complex to ferrous form (TPTZ-Fe2+), which
is blue in acidic medium and has an optical absorption at 593 nm

When there is a concern about the change in cognition, expressed by the patients, an aware person, or specialist
When there is objective memory impairment in memory, performance function, attention, language, or spatial visibility.
When the patient is independent in functional abilities although he may need help, or has mild disruptions in more complex tasks such as financial management,
navigation in unfamiliar places, and so on.
When the patient has no criterion for dementia.
NIA/AA: National Institute on Aging and Alzheimer's Association
Table 1: Clinical diagnostic criteria for mild cognitive impairment based on NIA/AA criteria (23).
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wavelength. The above reaction rate has a linear relationship with the
reduction potential of the sample. Then, the advanced glycation end
products (AGEs) was measure by diluting the serum using phosphate
buffer (PBS) with pH 7.4: as much as 1 to 50. In addition, the intensity
of the fluorescence was measured in 440 nm emission wavelength and
the 350 nm exciting wavelength. Further, the fluorescence intensity was
expressed in term of the fluorescence emission percentage. Choosing
a treatment method was done by a colleague who was unaware of the
treatment methods. The study was performed based on double blind
method (from the results analyzer and investigator of experimental
results). The intervention group was received a daily dose of 5 mg of
Memantine, which gradually increased to 10 mg per day. The duration
of Memantine administration was 6 months. It was ethically allowed to
prescribe Memantine for subjects. The drug is one of the most widely
accepted medicines for treating the patients with MCI.
The blood samples of both groups were prepared and collected
after 6 months of re-administration of Memantine, following the
sterilization principles and based on the conditions stated in the first
stage of sampling (Figure 1).
The results were analyzed using SPSS v.23 software. Descriptive
data were reported by using mean, standard deviation and frequency.
Data were analyzed by independent t-test for comparing two groups of
control and intervention, paired t-test was applied for comparing the
results before and after studying each group, and Pearson correlation
test was used to examine the relationships between some variables
(Tables 2 and 3).

Group
Control

Intervention

p-value

Age (Years)

73.1 ± 4.2

72.6 ± 3.7

0.72

Weight (kg)

75.6 ± 12.1

80.2 ± 10.1

0.14

Body mass index (kg/m2)

26.8 ± 4.7

28.9 ± 3.1

0.08

Waist circumference (cm)

97.6 ± 8.6

102.3 ± 10.1

0.08

Height (m)

1.6 ± 0.1

1.6 ± 0.1

0.36

Table 2: Anthropometric features of the subjects.
Group
Weight

BMI

p-value

Control

Intervention

Before study

75.6 ± 12.2

80.2 ± 10.1

P: 0.15

After study

75.6 ± 11.9

80.2 ± 10.6

P: 0.16

p-value: 0.81

p-value : 0.91

Before study

26.8 ± 4.7

28.9 ± 3.1

P: 0.07

After study

26.8 ± 4.5

28.9 ± 3.4

P: 0.76

p-value : 0.90

p-value : 0.85

129.2 ± 8.1

123.20 ± 9.8

P: 0.02

122.6 ± 7.1

120.40 ± 9.7

P: 0.05

Systolic Blood Pressure Before study
After study

p-value < 0.001 p-value : 0.005
Diastolic Blood Pressure Before study
After study

76 ± 5.7

76.8 ± 4.7

P: 0.59

74 ± 5.7

76 ± 5.7

P: 0.23

p-value: 0.03

p-value: 0.16

Table 3: Comparison of weight, body mass index, and blood pressure in both
groups before and after intervention (Weight (Kg), BMI (kg/m2), Systolic Blood
Pressure (mmHg), and Diastolic Blood Pressure (mmHg)).

Assessing older adults based on
eligibility criteria

Inclusion Criteria,
individual who had:
-Age > 65
- Mild Cognitive
Impairment
- Prediabetic State

Inclusion Criteria,
individual who had:
-Age: > 65
- Mild Cognitive
Impairment
- Prediabetic State

Exclusion Criteria:
-Depression
-Chronic underlying
diseases
- Take antioxidants
- Previous taking
Memantine

Control Group (n=25)

Intervention Group (n=25)

Metformin (500 mg/day)

Memantine (5 to 10 mg/day) +
Metformin (500 mg/day)

First data collection

Intervention for 6 months

Second data collection
Figure 1: Flowchart of the subjects through the intervention.
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Group
Control
Fasting Blood Sugar Before study
(FBS)
After study

Intervention

p-value

116.1 ± 5.6

117.2 ± 5.9

P: 0.44

105.7 ± 3.97

106.6 ± 4.3

P: 0.47

p value < 0.001 p value < 0.001
Advanced glycation
end-product (AGE)
Advanced oxidation
protein products
(AOPP)

Before study

65.3 ± 8.3

70.7 ± 4.7

P: 0.007

After study

63.5 ± 8.4

65.9 ± 5.1

P: 0.22

P< 0.001

P< 0.001

126.11 ± 32.4

136.8 ± 18.8

P: 0.16

124.18 ± 32.4

133.7 ± 18.9

P: 0.21

Before study
After study

P value < 0.001 P value < 0.001
Ferritin Reducing
Ability of Plasma
(FRAP)
Paraoxonase-1
(PON1)
Lipoprotein lipase
(LPL)
Lecithin-cholesterol
acyltransferase
(LCAT)

Before study

1122.8 ± 326.6 1008.3 ± 177.8

P: 0.13

After study

1216.2 ± 269.3 1104.5 ± 157.6

P: 0.08

P: 0.30

P: 0.09

Before study

36.7 ± 5.4

32.2 ± 9.1

P: 0.06

After study

38.9 ± 8.8

37.5 ± 9.1

P: 0.57

P: 0.26

P: 0.07

Before study

26.95 ± 1.4

20.9 ± 1.4

P< 0.001

After study

28.07 ± 2.9

27.4 ± 4.4

P: 0.58

P: 0.12

P< 0.001

Before study

36.37 ± 1.1

32.6 ± 1.1

P< 0.001

After study

38.26 ± 3.9

37.5 ± 4.2

P: 0.54

Haemoglobin subunit Before study
alpha 1 (HbA1)
After study

P: 0.06

P< 0.001

6.1 ± 0.5

9.1 ± 1.5

P< 0.001

6.1 ± 0.4

7.7 ± 1.7

P< 0.001

P: 0.06

P: 0.001

Table 4: Comparison of oxidant and antioxidant indices in the diabetic and nondiabetic patients with mild cognitive impairment.

Table 4 indicates a complete description of comparison between
the oxidant and antioxidant indexes in the two groups. Regarding the
control group, the oxidative indexes including Advanced Glycation End
Products (AGEs) and Advanced oxidation protein products (AOPP)
decreased significantly (p value<0.001, df: 48). As for the intervention
group, the oxidant indexes including AGEs and AOPP , as well as LAP
(LipoProtein Lipase) and Lecithin-cholesterol acyltransferase (LCAT)
antioxidant indexes decreased significantly (p value<0.001, df: 48).
A significant difference was observed in oxidant/antioxidant
indices in both groups before and after study. The difference between
AGEs and LPL before and after the study showed a significant difference
between the control and intervention groups (p value<0.001, df: 48).
In addition, differences between AOPP and LCAT before and after
the study were statistically different in both control and intervention
groups (p-value=0.02, df: 48; p value: 0.02, df: 48). However,
the difference between Ferritin Reducing Ability of Plasma and
Paraoxonase-1 before and after the study did not reveal any significant
difference between the control and intervention groups (p value=0.98,
df: 48; P value: 0.38, df: 48).

Results
Among 50 subjects in this study, 22 were men and 28 women (each
group: 11 men and 14 women). The mean age of the subjects was 72/80
± 3.95 (age range: 80- 66 years). Anthropometric properties before
study are presented in Table 2.
As shown in Table 3, weight, BMI and systolic and diastolic blood
pressures were compared in both groups. There was no correlation
between weight and BMI with systolic and diastolic blood pressures
J Neurol Neurophysiol, an open access journal
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before and after study of two groups (P value: n.s). Systolic blood
pressure before and after the study indicated a significant difference
between the control and intervention groups (P value<0.001, df: 48).
The subjects included 22 men and 28 women. The mean age
subject was 72.87 ± 3.95. Regarding the control group, the oxidative
indexes including Advanced Glycation End Products (AGEs) and
Advanced oxidation protein products (AOPP) decreased significantly
(p value<0.001, df: 48). Regarding the intervention group, the oxidant
indexes including AGEs and AOPP significantly decreased. In
addition, antioxidant indexes such as LAP and Lecithin-cholesterol
acyltransferase (LCAT) indexes increased considerably (p value<0.001,
df: 48).

Discussion
In this study, both control and intervention groups were suffering
from Prediabetic State and MCI and were receiving Metformin.
Memantine was prescribed for the intervention group. Based on the
results, systolic blood pressure decreased significantly before and after
the study and the oxidative indexes of AGEs and AOPP decreased
significantly in the intervention group. In addition, LPL and LCAT
antioxidant indices increased significantly and Hemoglobin subunit
alpha 1 significantly decreased in this group. Regarding the control
group, oxidative indexes including AGEs and AOPP decreased
significantly while no change occurred in other oxidant/antioxidants.
However, a reduction of Fasting Blood Sugar occurred in both groups.
Based on strong evidence, there is a disturbance in the balance of
oxidant/antioxidant in cognitive dysfunction [17]. Disorder in calcium
homeostasis is regarded as one of the mechanisms which occurs at
the cellular level in cognitive impairment and causes a collapse of the
oxidant/antioxidant balance [4] and mitochondrial calcium content
affects its function. Memantine is an antagonist for N-methyl-Daspartate receptor (NMDA) which can attach to NMDA receptor
channels and prevents calcium penetration. Thus, it can prevent
calcium homeostasis disorder and increase free radicals [21]. Further,
in the study of Özdemir, it was found that Memantine can reduce the
oxidative stress in ischemic brain injuries [22].
There is a risk of cognitive decline among the people with diabetes
type II and prediabetes [9]. Clinical evidences suggest increased reactive
oxygen species (ROS) in diabetes, and high levels of intracellular and
extracellular glucose lead to oxidative stress [28]. The total oxidant level
is high among the people with diabetes type 2 and prediabetes [29,30],
and chronic hyperglycemia, due to oxidative stress, has led to changes
in mitochondria function and the structure of the central nervous
system, which ultimately leads to diabetic cognitive dysfunction [31].
Therefore, the rate of cognitive change in diabetic patients with mild
cognitive impairment is higher than that of other people with mild
cognitive impairment. Memantine preserves the energy status of the
brain during hypoglycemia, which prevents from disrupting calcium
homeostasis [21,32]. After cognitive complications, the level of glucose
fluctuations decreases among the people with diabetes type II and
prediabetes.

Conclusion
The results of this study revealed that simultaneous administration
of Memantine and Metformin in elderly patients with Prediabetes and
Mild Cognitive Impairment may decrease oxidant indexes and increase
antioxidant indexes, which results in reducing the effects of oxidative
stress.
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Limitations of the study
Based on the results, the simultaneous administration of Memantine
and Metformin may influence the studied indexes. Therefore, further
research is needed to confirm the prescription of Memantine for those
people with diabetes and MIC. Finally, some other studies can be
conducted with more subjects.
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