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ABSTRACT
Memory impairment is a common disorder in diabetes mellitus which is associated with hippocampal neuronal 
apoptosis. The present study was conducted to examine the effect of one-week intraperitoneal (ip), administra-
tion of aminoguanidine (AG) on passive avoidance learning (PAL) and Bcl-2 family gene expression in the hip-
pocampus of rats. Sixty male rats were divided into ten groups: non-diabetic/diabetic animals with/without AG 
(50, 100, 200 and 400 mg/kg, ip) treatment for one week. PAL and Bcl-2 family genes were examined. AG (100 
and 200 mg/kg) improved both memory and Bax, Bak, Bcl–2 and Bcl-xl defi ciency signifi cantly in diabetic rats. 
AG treatment also ameliorated the diabetes-induced changes in (Bcl–2+Bcl-xl)/(Bak+Bax) ratios considerably. 
These results propose that one-week ip administration of AG may recover the defi cit cognition in diabetic rats 
via enhancing (Bcl–2+Bcl-xl)/(Bak+Bax) proportions (Tab. 2, Fig. 4, Ref. 55). Text in PDF www.elis.sk.
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Introduction

Diabetes mellitus (DM) is described by continuous carbo-
hydrate metabolism disorders (1). Neuropathy is one of the DM 
complications which is created by nerve regeneration capacity 
failure (2, 3). The most important DM diffi culties in CNS are the 
cognitive impairments such as general intelligence, speed of infor-
mation processing and learning (4). The pathogenesis of diabetic 
neuropathy is connected to several factors (5). The major source 
of cognitive defi cits which has been suggested is the imbalance 
between free radical production and antioxidant defense systems 
(6). Oxidation of glucose and/or decreased levels of endogenous 
antioxidants and antioxidant enzymes result in oxidative stress in 
DM. Hence, antioxidants might have a benefi cial effect in DM-
induced cognitive defi cits (7). 

Hippocampal cell death in DM results from apoptosis triggered 
by oxidative stress (8). End products of Bcl-2 family genes are the 
major factor which control apoptosis (9). Bcl-2, Bcl-xl, Bax and 
Bak proteins, etc. are the major Bcl-2 family genes. The induction 
of apoptosis by Bax and Bak is neutralized by Bcl-2 and Bcl-xl 
products. Aminoguanidine (AG), also known as pimagedine, is an 

amino derivate of guanidine and a nucleophilic hydrazine compound 
with antioxidant properties which have several biological effects, in-
cluding inhibition of amine oxidase, inducible nitric oxide synthase 
(iNos) and developing advanced glycation end products (AGEs) 
(10). Protective effects of AG have been shown in peripheral nerves’ 
functional and structural defi cits induced by DM (11) and transient 
focal cerebral ischemia (12) and stroke (13). Paradoxical results 
are available relating to the effect of AG on memory of animals 
including positive (14–18) and negative effects (19–22). To our 
knowledge, few studies have been published concerning the effect 
of ip administration of AG on memory and anti/apoptotic genes 
in diabetic animals. Recently we have demonstrated that a single 
intra-hippocampal AG injection (30 μg/rat) recovered the memory 
retrieval in step-through passive avoidance task in diabetic rats, 
which is associated with reduced apoptotic gene expressions (23). 
Because peripheral administration of drugs is used in DM treatment, 
it is preferable to fi nd the best dose for the ip route. However, there 
is no study regarding the effects of one-week ip injections of AG 
on learning and anti/apoptotic gene expressions in diabetic rats. 

The present study was conducted to examine the effect of 
one-week ip AG (50, 100, 200 and 400 mg/kg) administrations 
on step-through passive avoidance memory impairment induced 
by DM as well as its role in the apoptosis by assessing the expres-
sion of Bcl-2 family genes.

Materials and methods

Chemicals
Streptozotocin (STZ) and AG were purchased from Merck, 

Germany. Pure RNATM kit was obtained from TaKaRa (Japan). 
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Reverse Transcription Polymerase Chain Reaction (RT-PCR) kit 
was purchase from Qiagen (Germany).

Experimental animals
We used male Wistar rats weighing 202–247 g. The animals 

were housed in Plexiglas cages with a 12-h light/12-h dark cycle 
and controlled temperature (22 ± 2 °C). They were given food and 
water ad libitum. Each animal was used only once per experiment 
and all procedures were carried out in accordance with Institutional 
Animal Ethical Committee guidelines for animal care and use.

 
Animal grouping

The animals were divided in ten experimental groups as shown 
in Table 1 (n = 6).

Diabetes induction
The diabetes was induced by an injection of streptozotocin 

(STZ, 50 mg/kg, ip) (24). Fasting blood sugar levels (FBS) were 
measured after 3 days. The animals were considered diabetic when 
blood glucose levels were more than 250 mg/dL.

After diabetes had been labeled, either saline or AG (50, 100, 
200 and 400 mg/kg, ip) was injected daily for one week. Body 
weights were re-checked weekly and the diabetic status was re-
confi rmed. Memory and gene expressions were evaluated 7 weeks 
after AG treatment. 

Passive avoidance learning (PAL) step-through test
The PAL was determined by a shuttle box device (25). In brief, 

the device consisted of two compartments: a lit compartment (20 
× 20 × 30 cm) made of transparent plastic and a dark compart-
ment, the walls of which were made of dark opaque plastic (20 × 
20 × 30 cm). The ground fl oor of chambers was built of stainless 
steel rods (3 mm in diameter) spaced 1 cm apart. The fl oor of the 
dark chamber could be electrifi ed via a shock generator. A guillo-
tine door was placed in the connection of the two compartments.

Training session
At the start, the rats were familiarized with the apparatus in 

two sessions. The animals were put in the lit compartment of the 
apparatus and the guillotine door was opened after 10 seconds. 
Since normal animals prefer darkness, they went into the dark com-
partment and the door was closed. After 30 seconds the rats were 

returned to their home cage. The process was repeated after 30 min 
using an interval equal to that in the fi rst acquisition trial. The en-
trance latency to the dark compartment, STLa, was recorded when 
the animal laid all its paws on the fl oor of the dark compartment. 

For a number of acquisition trials (TA), the animals went right 
away into the dark compartment, the guillotine door was closed 
and a mild electrical shock (0.5 mA) was given for 3 seconds. 
After 30 seconds, the rats were returned to their home cage. After 
2 min, the above process was repeated. When the rats reentered 
the dark compartment, they received a foot-shock. Training was 
terminated once the rat stayed in the lit chamber for 120 consecu-
tive seconds.

Testing session
Twenty-four hours subsequent to the PAL acquisition trial, 

long-term memory retrieval was assessed by placing the animals 
in the lit compartment. After 10 seconds the door was opened, 
and then both the step-through latency of retention (STLr) and 
time spent in the dark compartment (TDC) were recorded for up 
to 600 seconds. During the test session, the electric shocks were 
not induced by the fl oor grid (26).

Finally, after anesthetizing the animals with chloroform, the 
skull was opened along the midline and the brain was taken out 
and put on an ice-cooled cutting board. Hippocampi were dissected 
from the hemispheres after removing the meninges, snapped fro-
zen in liquid nitrogen and stored at –70 °C for extraction of RNA.

Preparing RNA and Semi-quantitative RT-PCR
According to the manufacture booklet, Trizol Reagent (Invi-

trogen) was used for total RNA extraction from hippocampi. RT 
was done by 1000 ng of total RNA into cDNA with RevertAid 
(Thermo, Scientifi c RevertAid cDNA synthesis Kit) and cDNA 
samples were stored at –70 °C. To determine the levels of Bcl-
2, Bcl-xl, Bax and Bak mRNA expressions, RT-PCR was done. 
The RT-PCR mixture for Bcl-2, Bcl-xl, Bax and Bak genes (fi nal 
volume of 25 μL) included 2 μL of cDNA, 12.5 μL of Thermo 
Scientifi c PCR Master Mix 2x and 10 pmols of each matching 
primer specifi c for Bcl-2, Bcl-xl, Bax and Bak sequences as well 
as Glyceraldehydes-3-phosphate dehydrogenase (GAPDH) gene 
sequence as an internal control (Tab. 2). The details of processes 
were shown in our former study (23). 

Groups Diabetes AG dose (one week)
C – –
AG50 – 50 mg/kg
AG100 – 100 mg/kg
AG200 – 200 mg/kg
AG400 – 400 mg/kg
D + –
DAG50 + 50 mg/kg
DAG100 + 100 mg/kg
DAG200 + 200 mg/kg
DAG400 + 400 mg/kg

Tab. 1. Experimental details: groups, STZ-induced diabetes and the 
AG doses which were administered. (+) shows diabetes.

Tab. 2. Primers which used to RT-PCR: Bcl-2, Bcl-xl, Bax, Bak and 
GAPDH measurement.

Primers Product 
size Gene

F: 5‘-CTG GTG GAC AAC ATC GCT CTG-3‘
R: 5’-GGT CTG CTG ACC TCA CTT GTG-3’ 228 bp Bcl-2

F:5’-AGG CTG GCG ATG AGT TTG AA-3’
R: 5’-TGA AAC GCT CCT GGC CTT TC-3’ 357 bp Bcl-xl

F:5’- TGC AGA GGA TGA TTG CTG AC -3
R: 5’- GAT CAG CTC GGG CAC TTT AG-3’ 173 bp Bax

F: GTCCATCAAGGCCCTCCAAACC 
R: AACAGGAGCATGGGTGAAGGTGG 259 bp Bak

F: 5-’GGC CAA GAT CAT CCA TGA CAA CT-3’
R: 5’-ACC AGG ACA TGA GCT TGA CAA AGT-3’ 461 bp GAPDH
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Statistical analyses
Data were analyzed using either two-way ANOVA, followed 

by Tukeys’ post hoc statistical test for normal data or Kruskall-
Wallis tests followed by Mann-Whitney’s U test for non-parametric 
data. Following Mann–Whitney U test, the Holms Bonferoni’s 
correction was used. Probability values less than 0.05 were con-
sidered signifi cant.

Results 

Behavioral results: PAL step-through test 
Effects of AG administration on STLa

No signifi cant differences in STLa were observed [Factor A × 
B, two-way ANOVA’s F (9, 40) = 0.756, p > 0.05] which indicates 
an absence of sensory and motor impairments in both diabetic and 
non-diabetic rats (Fig. 1A).

Effects of AG administration on TA
Two-way ANOVA of mean ± SE of the TAs, indicated that 

one-week ip injections of AG has a positive effect on diabetes-
induced impairment of TA [F (9, 40) = 20.27, p < 0.0001, Tukey’s 
post hoc, p < 0.05, 0.001 and 0.001 for 50, 100 and 200 mg/kg 
AG, respectively versus diabetic control animals]. As shown in 
Figure 1B, except for the dose of 400 mg/kg, the diabetes-induced 
impairment of latency of retention was reversed by doses of 50, 
100 and 200 mg/kg of the drug.

Effects of AG treatment on STLr
Based on non-parametric Kruskall-Wallis test of median ± 

quartile of the step-through latency time, there were no signifi -
cant differences in STLr in non-diabetic animals (left columns of 
Figure 1C) which indicates that STLr was not affected in non-
diabetic animals by AG (H (4) = 0.898, p = 0.93). On the other 

Fig. 1. Effect of one-week ip administration of different doses of aminoguanidine (AG) on the step-through latency of acquisition (STLa, A), 
number of trials to acquisition (TA, B), step-through latency in the retention trial (STLr, C) and time spent in the dark compartment (TDC, 
D) 24 h after acquisition of passive avoidance learning (PAL) task in control and diabetic animals. Each column represents mean ± SE (A, B 
and D) and median ± quartile (B). ** p < 0.01 and *** P < 0.001 compared with control group. + p < 0.05, ++ p < 0.01 and +++ p < 0.001 com-
pared with diabetic group.



Alipour M et al. Effect of sub-chronic intraperitoneal administration of… 

xx

475

hand, non-parametric Kruskall-Wallis test showed that one-week 
ip injections of AG had a considerably positive effect on diabetes-
induced impairment of STLr (right columns) (H (4) = 20.53, p = 
0.0003, Mann-Whitney’s U test, p = 0.082, 0.06, 0.06 and 0.31 
for 50, 100, 200 and 400 mg/kg AG, respectively). As shown in 
Figure 1C, except for the doses of 50 and 400 mg/kg, the doses of 
100 and 200 mg/kg of the drug could reverse the impaired latency 
of retention induced by diabetes.

Effects of AG administration on TDC
Based on two-way ANOVA of mean ± SE of the TDCs, 

one-week ip injections of AG improved diabetes-induced impair-
ment of TDC [F (9, 40) = 161.56, p < 0.0001, Tukey’s post hoc, 
p < 0.01, 0.001, 0.001 and 0.01 for 50, 100, 200 and 400 mg/
kg AG, respectively in comparison to diabetic control animals] 
As indicated in Figure 1D, except for the dose of 400 mg/kg, 
the doses 50, 100 and 200 mg/kg of the drug could reverse the 
diabetes-induced impairment shown by time spent in the dark 
compartment.

Semi-quantitative mRNA levels of genes regulating cell death
Figure 2 shows a picture of Bcl-2, Bcl-xl, Bax and Bak gene 

expressions by RT-PCR with corresponding GAPDH.
Based on two-way ANOVA of the mean ± SE, one-week ip in-

jections of AG have a positive effect on diabetes-induced decrease 
in both Bcl-2 [F (9, 40) = 6.53; p < 0.001, Tukey’s post hoc; p < 

0.01 for 50, 100 and 200 mg/kg AG, respectively in comparison 
to diabetic control animals] (Fig. 3A) and Bcl-xl expressions [F 
(9, 40) = 6.12; p < 0.001, Tukey’s post hoc; p < 0.05 for 100 and 
200 mg/kg AG, respectively in comparison to diabetic control 
animals] (Fig. 3B). As shown in fi gures 7 and 8, except for the 
doses of 400 mg/kg, the doses of 100 and 200 mg/kg of the drug 
could reverse the decreased Bcl-2 and Bcl-xl induced by diabetes. 

On the contrary, one-week ip injections of AG effi ciently 
reduced the diabetes-induced increase in both Bax [F (9, 40) = 
11.35; p < 0.001, Tukey’s post hoc; p< 0.001 for doses of 50, 100 
and 200 mg/kg AG, respectively in comparison to diabetic control 
animals] (Fig. 3C) and Bak expression [F (9, 40) = 3.8; p < 0.01, 
Tukey’s posthoc; p< 0.01 for doses of100 and 200 mg/kg AG, re-
spectively in comparison to diabetic control animals] (Fig. 3D). As 
a result, the doses of 100 and 200 mg/kg of the drug could reverse 
the increase in Bax induced by diabetes. As shown in Figure 9, 
the dose of 400 mg/kg AG had a signifi cant effect in comparison 
to non-diabetic control animals which may reveal toxic effects of 
the drug or other target contributions too.

The proportion of anti-apoptotic/apoptotic mRNA levels
According to Figure 4, the drug shows a signifi cant effect on 

diabetes-induced decrease in (Bcl-2+Bcl-xl)/(Bax+Bak) [F (9, 40) 
= 5.39; p < 0.0001, Tukey’s post hoc; p < 0.05 for doses of 100 
and 200 mg/kg AG, respectively in comparison to diabetic con-
trol animals]. However, as indicated in Figure 4, the dose of 400 
mg/kg AG had a signifi cant effect in comparison to non-diabetic 
control animals which may imply toxic effects of the drug as well 
as other target contributions.

Discussion

According to the results, TA, STLr and TDC impairment by 
diabetes was recovered by one-week ip administrations of AG. The 
effect of AG on memory has been evaluated by several studies. 
It has been demonstrated that lipopolysaccharide-induced spatial 
memory impairments and neuronal apoptosis are improved by AG 
administration (27). Also, the memory restoration with naringin in 
unstressed and stressed mice was advanced by AG (15). Moreover, 
AG administration restored signifi cantly an arsenic-induced de-
struction of acquisition (16). It has been shown that AG injection 
reversed hypoxia-induced retrograde memory destruction (17). 
Moreover, the drug might protect aluminum chloride-provoked 
memory defect (18). In contrast, the enhancing outcome of the ef-
fect of atorvastatin on short-term spatial memory recognition has 
been reversed by AG administration (19). It has been indicated 
that AG has not changed the recovering result of pioglitazone on 
morphine-induced passive avoidance task defi ciency but has re-
duced the improving effect of pioglitazone on Y-maze discrimi-
nation defi ciency result from morphine (21). Also, the benefi cial 
effects of either atorvastatin or granisetron on memory consolida-
tion defi ciency due to scopolamine have been combated by AG in 
mice (20, 22). However, no study has been published regarding the 
effect of chronic or subchronic ip administration of AG on PAL 
and apoptosis in the hippocampus of diabetic animals. 

Fig. 2. Effects of Aminoguanidine (AG) on expressions of Bax, Bcl-xl, 
Bcl-2 and Bak mRNA in the hippocampus of rats. Expression analyses 
were performed by RT-PCR and the products (10 ll) were visualized 
following 1.5% agarose gel electrophoresis. The intensity of the bands 
was quantifi ed by densitometric analyses and normalized with corre-
sponding GAPDH. C, control; AG50, AG100, AG200 and AG400 con-
trol groups which received AG 50, 100, 200 and 400 mg/kg; D, diabetic; 
DAG50, DAG100, DAG200 and DAG400, diabetic treated with AG 
50, 100, 200 and 400 mg/kg; MW: GeneRulerTM 50 bp DNA Ladder.
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Locomotor activities of rats were not measured in the present 
work. However, the useful result of lower doses of AG (100 and 
200 mg/kg) on STLr might not be attributed to sensory or motor 
damage since the delay in the acquisition phase (STLa before elec-
trical shock) did not demonstrate considerable differences among 
controls and experimental groups (diabetic and non-diabetic ani-
mals). In this work, the best results of TA, STLr and TDC were 
obtained with the doses of 100 and 200 mg/kg AG after one-week 
ip injections (peripheral administration of the drug) which is in 
agreement with our earlier work, i.e. single intra-hippocampal 
injection of AG (30 μg/rat) (23). 

Several studies have demonstrated that the pathogenesis of 
diabetes-induced memory defects is associated with a number of 
factors. Several aspects including chronic hyperglycemia, micro-
vascular and macrovascular complications, free radical production, 
and defi ciency of antioxidant defense system have been proposed 
in the pathogenesis of diabetes-related cognitive defi cit, but the 

precise mechanisms of the memory defect in diabetes is unknown 
and therapeutics are limited (28, 29). Several studies have indicated 
that administration of antioxidants reduces the hippocampal cell 
damage in diabetes-induced excitotoxicity (28). The positive role 
of AG on several pathogenic processes has been documented (30). 
Improvement in neuronal and vascular defi ciencies in diabetic ani-
mals by AG has been reported (31). Moreover, it has been shown 
that AGEs play a crucial function in learning defects resulting from 
diabetes and that their development can be averted by AG (32–35). 
Besides, reactive oxygen species (ROS) and reactive nitrogen spe-
cies (RNS) are other main origins of cognitive dysfunctions due 
to diabetes (36) which is dependent on iNOS action (37). Inhibi-
tion of iNOS by AG may ameliorate the cognitive defi cit induced 
by diabetes (38). Other neuroprotective mechanisms of AG may 
be related to its free radical scavenging properties (35, 39). Also, 
a number of cellular metabolic pathways about AG neuroprotec-
tive functions relate to methylglyoxal (MG) inhibition (40). MG 

Fig. 3. Effect of one-week ip administration of different doses of aminoguanidine (AG) on the Bcl-2 (A), Bcl-xl (B), Bax (C) and Bak (D) mRNA 
in the hippocampus of rats. Expression analyses were carried out by RT-PCR and the products (10 ll) were visualized following 1.5% agarose 
gel electrophoresis (all amplifi cations were repeated three times). All data are represented as the mean ± SE. ** p < 0.01, *** p < 0.001 com-
pared with control group. + p < 0.05, ++ p < 0.01 and +++ p < 0.001 compared with diabetic group.
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acts as either an endogenous fatal substance (41) or an effective 
source of ROS (42), which frequently build up in the hippocampal 
neurons in hyperglycemia (43, 44, 45). However, the lack of MG, 
AGEs, ROS and iNOS measurement is a limitation in our study. 

In this work, a decreased expression of Bcl-2 and Bcl-xl (as 
anti-apoptotic genes) and increased expression of Bax and Bak 
(as apoptotic genes) in diabetic rats were detected. An increase 
in Bax expression in the hippocampus has been reported in type-
I diabetes which led to neuronal cell death (46). In the memory 
defect due to diabetes, apoptosis in hippocampal neurons plays a 
primary role (47, 48). On the other hand, it has been indicated that 
apoptosis in the hippocampus due to altering expression of Bcl-2 
family proteins in the neurons could relate to reactive MG, ROS 
and RNS (44, 47, 49, 50). The imbalance of pro/anti-apoptotic 
signals of Bcl-2 family plays a crucial role in the release of apop-
togenic mitochondrial mediators (51, 52). It has been shown that 
STZ-diabetes-induced hippocampal apoptosis in rats is related to 
the mitochondrial pathway (53, 54). 

According to our results, one-week ip injection of AG dem-
onstrated a benefi cial effect on (Bcl-2+Bcl-xl)/(Bax+Bak) ratio 
due to diabetes. As seen in Figure 4, the dose of 400 mg/kg AG 
demonstrated adverse effects (in comparison to lower doses, 100 
and 200 mg/kg) in diabetic and non-diabetic rats, which may be 
related to off-target or other pharmacologic effect which shows 
up at a high (toxic) dose of the drug.

To our knowledge, few reports exist regarding the effect of AG 
on the cited gene expressions in the hippocampus of diabetic rats. It 
has been indicated that AG can reduce apoptosis by its antioxidant 
activity and inhibition of either amine oxidase or iNos enzymes 
(49). Therefore, the benefi cial effects of AG on memory might be 
dependent on altering the apoptosis in the brain regions which are 
associated with cognition. It has been demonstrated that the Bcl-2 

or Bcl-xl to Bax expression ratios play a crucial role in determining 
cell life or apoptosis (13). It has been revealed that hyperglycemia 
due to STZ raises the ratio of Bax/Bcl-2 which results in cortical 
neurons apoptosis in newborn rats (55). In the present study, the 
benefi cial effect of one-week ip administration of AG (100 and 
200 mg/kg) on anti/apoptotic genes in STZ-induced diabetic rats 
is in favor of our earlier study (single-dose intra-hypocampal in-
jection of the drug (23). 

Our results suggest that one-week ip administration of AG (100 
and 200 mg/kg), may improve the memory defi cit in diabetic rats 
by increasing the (Bcl-2+Bcl-xl)/(Bax+Bak) proportion. However, 
further pathological and molecular studies are required to eluci-
date the exact mechanisms underlying the neuroprotective effect 
of AG on the memory in diabetic rats. 

References

1.  Zhang Y, Ren C, Lu G, Mu Z, Cui W, Gao H et al. Anti-Diabetic Ef-
fect of Mulberry Leaf Polysaccharide by Inhibiting Pancreatic Islet Cell 
Apoptosis and Ameliorating Insulin Secretory Capacity in Diabetic Rats. 
Int Immunopharmacol 2014; 22 (1): 248–257.

2.  Yasuda H, Terada M, Maeda K, Kogawa S, Sanada M, Haneda 
M et al. Diabetic Neuropathy and Nerve Regeneration. Prog Neurobiol 
2003; 69 (4): 229–285.

3.  Edwards J, Vincent A, Cheng H, Feldman E. Diabetic Neuropathy: 
Mechanisms to Management. Pharmacol Ther 2008; 120 (1): 1–34.

4.  Northam E, Anderson P, Jacobs R, Hughes M, Warne G, Werther 
G. Neuropsychological Profi les of Children with Type 1 Diabetes 6 Years 
after Disease Onset. Diabetes Care 2001; 24 (9): 1541–1546.

5.  Patil C, Singh V, Kulkarni S. Modulatory Effect of Sildenafi l in Diabe-
tes and Electroconvulsive Shock-induced Cognitive Dysfunction in Rats. 
Pharmacological Reports 2006; 58 (3): 373–380.

6.  Fukui K, Omoi N, Hayasaka T, Shinnkai T, Suzuki S, Abe K et al. 
Cognitive Impairment of Rats Caused by Oxidative Stress and Aging, and 
Its Prevention by Vitamin E. Annals of the New York Academy of Sci-
ences 2002; 959: 275–284.

7.  Hawkins C, Davies M. Generation and Propagation of Radical Reac-
tions on Proteins. Biochim Biophys Acta 2001; 1504 (2–3): 196–219.

8.  Li ZG, Zhang W, Sima AA. C-Peptide Prevents Hippocampal Apop-
tosis in Type 1 Diabetes. Int J Exp Diabetes Res 2002; 3 (4): 241–245.

9.  Thornberry NA, Lazebnik Y. Caspases: Enemies Within. Science 
1998; 281 (5381): 1312–1316.

10.  Chan A, Cheung M, Law S, Chan J. Phase Ii Study of Alpha-To-
copherol in Improving the Cognitive Function of Patients with Temporal 
Lobe Radionecrosis. Cancer 2004; 100 (2): 398–404.

11.  Yagihashi S, Kamijo M, Baba M, Yagihashi N, Nagai K. Effect of 
Aminoguanidine on Functional and Structural Abnormalities in Periph-
eral Nerve of Stz-Induced Diabetic Rats. Diabetes 1992; 41 (1): 47–52.

12.  Vakili A, Zahedi-Khorasani M. Effect of Aminoguanidine on Post-
Ischemic Damage in Rodent Model of Stroke. Pak J Pharm Sci 2008; 21 
(1): 24–28.

13.  Sun M, Zhao Y, Gu Y, Xu C. Neuroprotective Actions of Aminogua-
nidine Involve Reduced the Activation of Calpain and Caspase-3 in a Rat 
Model of Stroke. Neurochem Int 2010; 56 (4): 634–641.

Fig. 4. Effect of oneweek ip administration of different doses of ami-
noguanidine (AG) on the (Bcl-2+Bcl-xl)/(Bax+Bak) ratios in the hip-
pocampus of rats. Expression analyses were carried out by RT-PCR 
and the products (10 ll) were visualized following 1.5% agarose gel 
electrophoresis (all amplifi cations were repeated three times). All data 
are represented as the mean ± SE. * p < 0.05 compared with control 
group. + p < 0.05 compared with diabetic group.



Bratisl Med J 2016; 117 (8)

472 – 479

478

14.  Liu H, Chen JP, Zhang WQ. [Inducible Nitric Oxide Synthase In-
duces Beta-Amyloid Neurotoxicity in Vivo]. Zhongguo Ying Yong Sheng 
Li Xue Za Zhi 2002; 18 (4): 329–332.

15.  Maratha SR, Mahadevan N. Memory Enhancing Activity of Narin-
gin in Unstressed and Stressed Mice: Possible Cholinergic and Nitriergic 
Modulation. Neurochem Res 2012; 37 (10): 2206–2212.

16.  Sharma B, Sharma PM. Arsenic Toxicity Induced Endothelial Dys-
function and Dementia: Pharmacological Interdiction by Histone Deacety-
lase and Inducible Nitric Oxide Synthase Inhibitors. Toxicol Appl Phar-
macol 2013; 273 (1): 180–188.

17.  Udayabanu M, Kumaran D, Nair RU, Srinivas P, Bhagat N, Aneja 
R et al. Nitric Oxide Associated with Inos Expression Inhibits Acetyl-
cholinesterase Activity and Induces Memory Impairment During Acute 
Hypobaric Hypoxia. Brain Res 2008; 1230: 138–149.

18.  Stevanovic ID, Jovanovic MD, Colic M, Jelenkovic A, Bokonjic 
D, Ninkovic M. Nitric Oxide Synthase Inhibitors Protect Cholinergic 
Neurons against Alcl3 Excitotoxicity in the Rat Brain. Brain Res Bull 
2010; 81 (6): 641–646.

19.  Javadi-Paydar M, Rayatnia F, Fakhraei N, Zakeri M, Mirazi N, 
Norouzi A et al. Atorvastatin Improved Scopolamine-Induced Impairment 
in Memory Acquisition in Mice: Involvement of Nitric Oxide. Brain Res 
2011; 1386: 89–99.

20.  Rayatnia F, Javadi-Paydar M, Allami N, Zakeri M, Rastegar H, 
Norouzi A et al. Nitric Oxide Involvement in Consolidation, but Not Re-
trieval Phase of Cognitive Performance Enhanced by Atorvastatin in Mice. 
Eur J Pharmacol 2011; 666 (1–3): 122–130.

21.  Babaei R, Javadi-Paydar M, Sharifi an M, Mahdavian S, Almasi-
Nasrabadi M, Norouzi A et al. Involvement of Nitric Oxide in Piogli-
tazone Memory Improvement in Morphine-Induced Memory Impaired 
Mice. Pharmacol Biochem Behav 2012; 103 (2): 313–321.

22.  Javadi-Paydar M, Zakeri M, Norouzi A, Rastegar H, Mirazi N, 
Dehpour AR. Involvement of Nitric Oxide in Granisetron Improving 
Effect on Scopolamine-Induced Memory Impairment in Mice. Brain Res 
2012; 1429: 61–71.

23.  Arab Firouzjaei M, Jafari MR, Eskandari M, Jafari Anarkoli I, 
Alipour M. Aminoguanidine Changes Hippocampal Expression of Apop-
tosis-Related Genes, Improves Passive Avoidance Learning and Memory 
in Streptozotocin-Induced Diabetic Rats. Cellular and Molecular Neuro-
biology 2014; 34 (3): 343–530.

24.  Bondan EF, Martins Mde F, Bernardi MM. Propentofylline Re-
verses Delayed Remyelination in Streptozotocin-Induced Diabetic Rats. 
Arch Endocrinol Metab 2015; 59 (1): 47–53.

25.  Lashgari R, Motamedi F, Zahedi Asl S, Shahidi S, Komaki A. Be-
havioral and Electrophysiological Studies of Chronic Oral Administration 
of L-Type Calcium Channel Blocker Verapamil on Learning and Memory 
in Rats. Behavioural brain research 2006; 171 (2): 324–328.

26.  Casamenti F, Di Patre PL, Bartolini L, Pepeu G. Unilateral and 
Bilateral Nucleus Basalis Lesions: Differences in Neurochemical and Be-
havioural Recovery. Neuroscience 1988; 24 (1): 209–215.

27.  Yamada K, Komori Y, Tanaka T, Senzaki K, Nikai T, Sugihara 
H et al. Brain Dysfunction Associated with an Induction of Nitric Oxide 
Synthase Following an Intracerebral Injection of Lipopolysaccharide in 
Rats. Neuroscience 1999; 88 (1): 281–294.

28.  Tuzcu M, Baydas G. Effect of Melatonin and Vitamin E on Diabetes-
induced Learning and Memory Impairment in Rats. Eur J Pharmacol 2006; 
537 (1–3): 106–110.

29.  Fei L, Yong-Jun H, Zhang-Min M, Bing X, Shuang W, Qian-Qian S 
et al. Rosiglitazone Attenuates Memory Impairment in Aged Rat with Dia-
betes by Inhibiting Nf-Kappa B Signal Pathway Activation. Experimental 
and clinical endocrinology & diabetes : offi cial journal, German Society 
of Endocrinology [and] German Diabetes Association 2015; 

30.  Guerci B, Bohme P, Kearney-Schwartz A, Zannad F, Drouin P. 
Endothelial Dysfunction and Type 2 Diabetes. Part 2: Altered Endothe-
lial Function and the Effects of Treatments in Type 2 Diabetes Mellitus. 
Diabetes Metab 2001; 27 (4 Pt 1): 436–447.

31.  Nordberg J, Arner ES. Reactive Oxygen Species, Antioxidants, and 
the Mammalian Thioredoxin System. Free Radic Biol Med 2001; 31 (11): 
1287–1312.

32.  Scaccini C, Chiesa G, Jialal I. A Critical Assessment of the Effects 
of Aminoguanidine and Ascorbate on the Oxidative Modifi cation of Ldl: 
Evidence for Interference with Some Assays of Lipoprotein Oxidation by 
Aminoguanidine. J Lipid Res 1994; 35 (6): 1085–1092.

33.  Burcham PC, Kaminskas LM, Fontaine FR, Petersen DR, Pyke 
SM. Aldehyde-Sequestering Drugs: Tools for Studying Protein Damage 
by Lipid Peroxidation Products. Toxicology 2002; 181–182, 229–236.

34.  Jedidi I, Therond P, Zarev S, Cosson C, Couturier M, Massot C et 
al. Paradoxical Protective Effect of Aminoguanidine toward Low-Density 
Lipoprotein Oxidation: Inhibition of Apolipoprotein B Fragmentation with-
out Preventing Its Carbonylation. Mechanism of Action of Aminoguani-
dine. Biochemistry 2003; 42 (38): 11356–11365.

35.  Nilsson BO. Biological Effects of Aminoguanidine: An Update. In-
fl amm Res 1999; 48 (10): 509–515.

36.  Ates O, Cayli SR, Yucel N, Altinoz E, Kocak A, Durak MA et al. 
Central Nervous System Protection by Resveratrol in Streptozotocin-In-
duced Diabetic Rats. J Clin Neurosci 2007; 14 (3): 256–260.

37.  Celik S, Erdogan S. Caffeic Acid Phenethyl Ester (Cape) Protects 
Brain against Oxidative Stress and Infl ammation Induced by Diabetes in 
Rats. Mol Cell Biochem 2008; 312 (1–2): 39–46.

38.  Hao W, Wu XQ, Xu RT. The Molecular Mechanism of Aminoguani-
dine-Mediated Reduction on the Brain Edema after Surgical Brain Injury 
in Rats. Brain Res 2009; 1282: 156–161.

39.  Yildiz G, Demiryurek AT, Sahin-Erdemli I, Kanzik I. Comparison 
of Antioxidant Activities of Aminoguanidine, Methylguanidine and Gua-
nidine by Luminol-Enhanced Chemiluminescence. Br J Pharmacol 1998; 
124 (5): 905–910.

40.  Ivanova S, Botchkina GI, Al-Abed Y, Meistrell M, 3rd, Batliwalla 
F, Dubinsky JM et al. Cerebral Ischemia Enhances Polyamine Oxida-
tion: Identifi cation of Enzymatically Formed 3-Aminopropanal as an En-
dogenous Mediator of Neuronal and Glial Cell Death. J Exp Med 1998; 
188 (2): 327–340.

41.  Phillips SA, Thornalley PJ. Formation of Methylglyoxal and D-
Lactate in Human Red Blood Cells in Vitro. Biochem Soc Trans 1993; 
21 (2): 163S.

42.  Di Loreto S, Caracciolo V, Colafarina S, Sebastiani P, Gasbarri A, 
Amicarelli F. Methylglyoxal Induces Oxidative Stress-Dependent Cell In-
jury and up-Regulation of Interleukin-1beta and Nerve Growth Factor in 
Cultured Hippocampal Neuronal Cells. Brain Res 2004; 1006 (2): 157–167.

43.  Di Loreto S, Zimmitti V, Sebastiani P, Cervelli C, Falone S, Ami-
carelli F. Methylglyoxal Causes Strong Weakening of Detoxifying Capac-
ity and Apoptotic Cell Death in Rat Hippocampal Neurons. Int J Biochem 
Cell Biol 2008; 40 (2): 245–257.



Alipour M et al. Effect of sub-chronic intraperitoneal administration of… 

xx

479

44.  Huang X, Wang F, Chen W, Chen Y, Wang N, von Maltzan K. 
Possible Link between the Cognitive Dysfunction Associated with Dia-
betes Mellitus and the Neurotoxicity of Methylglyoxal. Brain Res 2012; 
1469: 82–91.

45.  Yu PH, Zuo DM. Aminoguanidine Inhibits Semicarbazide-Sensitive 
Amine Oxidase Activity: Implications for Advanced Glycation and Dia-
betic Complications. Diabetologia 1997; 40 (11): 1243–1250.

46.  Thornalley PJ. The Glyoxalase System in Health and Disease. Mol 
Aspects Med 1993; 14 (4): 287–371.

47.  Li Z, Zhang W, Grunberger G, Sima A. Hippocampal Neuronal 
Apoptosis in Type 1 Diabetes. Brain Res 2002; 946 (2): 221–231.

48.  Li Z, Sima A. C-Peptide and Central Nervous System Complications 
in Diabetes. Exp Diabesity Res 2004; 5 (1): 79–90.

49.  49. Duchen M. Mitochondria in Health and Disease: Perspectives on 
a New Mitochondrial Biology. RMol Aspects Med 2004; 25: 365–451.

50.  Diloreto S, Zimmitti V, Sebastiani P, Cervelli C, Falone S, Ami-
carelli F. Methylglyoxal Causes Strong Weakening of Detoxifying Capac-
ity and Apoptotic Cell Death in Rat Hippocampal Neurons. Int J Biochem 
Cell Biol 2008; 40: 245–257.

51.  Choi BM, Pae HO, Jang SI, Kim YM, Chung HT. Nitric Oxide as 
a Pro-Apoptotic as Well as Anti-Apoptotic Modulator. J Biochem Mol 
Biol 2002; 35 (1): 116–126.

52.  Moncada S, Bolanos JP. Nitric Oxide, Cell Bioenergetics and Neu-
rodegeneration. J Neurochem 2006; 97 (6): 1676–1689.

53.  Green DR, Reed JC. Mitochondria and Apoptosis. Science 1998; 
281 (5381): 1309–12.

54.  Friedlander RM. Apoptosis and Caspases in Neurodegenerative Dis-
eases. N Engl J Med 2003; 348 (14): 1365–1375.

55.  Srinivasan S, Stevens M, Wiley J. Evidence for Apoptosis and Asso-
ciated Mitochondrial Dysfunction. Diabetic peripheral neuropathy 2000; 
49: 1932–1938.

Received January 21, 2016.
Accepted February 5, 2016.


