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Abstract

Background: The memory impairment, obtained from intracerebroventricular
(i.c.v.) infusion of streptozotocin in rats through activation of oxidative stress, is
accepted as sporadic Alzheimer’s disease model in most experimental studies.
Dimethyl sulfoxide (DMSO) as a solvent is widely used in animal studies to have
antioxidant effects as well. However, no report is available about DMSO effect on
oxidative stress-induced cognition deficit i.e. Alzheimer’s disease. The present
work was designed to assess the effect of chronic treatment of DMSO on STZ-
treated rats.

Materials and Methods: STZ (3 mg/ kg; i.c.v.; bilateral with 10 ul volume in
either side; days 1 and 3) using a single-day version of Morris water maze. The
DMSO (2.5, 5 and 10 %v/v in saline), started from the first day, was infused for
14 days.

Results: The chronic administration of DMSO 10% improved the distance to
hidden platform (P<0.01) in training sessions and time spent in the target quadrant
in probe tests (P<0.01). Neither STZ nor DMSO had any intervention on velocity
and visuo-motor coordination in the visible version of MWM.

Conclusion: Totally, the results suggest that DMSO may be appropriate as
adjuvant therapies for the prevention of memory impairment in the experimental
models of Alzheimer’s disease. Therefore, use of DMSO as a solvent in
Alzheimer’s disease animal studies should be considered having beneficial effects
on cognitive function.

Keywords: Alzheimer’s disease; Dimethyl sulfoxide; Morris water maze;
Streptozotocin

Please cite this article as: Akbari E, Naderi N, Yaghoobi K, Parsi B, Berijani S. Chronic Intracerebroventricular
Administration of Dimethyl Sulfoxide Attenuates Streptozotocin-iduced Memory Loss in Rats. Res Mol Med. 2013; 1 (1): 21-28

Introduction

Medicine and health care have had positive points in
most aspects of human life and allowed people
experience aging. Epidemiological consequence of
such development in increase of life expectancy is the
progressive occurrence in neurodegenerative disorders
includingAlzheimer’sdisease(AD). Continuing loss of
memory, attention and behavioral disturbances are
the major signs of AD (1). Oxidative stress refers to
some imbalance between free radical production and
disability in neutralization of these radicals in cells
(2-3). Sofar, lots of experimental evidence have
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supported oxidative stress hypothesis in pathogenesis
of AD (4-5). The oxidative stress caused by free
radicals is the common path of effective factors
which contribute to AD incidence

(6-7). Hence, many researchers have proposed the
therapeutic and preventive potential of antioxidants in
AD (8-10).

Transgenic animals (11), intracerebroventricular
(i.c.v.) infusion of beta-amyloid (9), and i.c.v.
administration of scopolamine (12) are experimental
models of AD which have revealed their own
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particular advantages and disadvantages. In addition,
the i.c.v. infusion of streptozotocin (STZ) causes
progressive memory loss corresponding to sporadic
Alzheimer’s disease (SAD); the most common type
of AD (13, 14). It has been indicated in behavioral
tasks like passive avoidance learning (15), Morris
Water Maze (MWM) (16) and radial arm maze (17).
Considering the fact that experimental evidence has
attributed STZ mechanism in induction of AD-related
cognitive dysfunctions to the activation of oxidants
production paths that damage cholinergic neurons,
henceforth i.c.v. infusion of STZ as the most
appropriate animal models have been suggested to
evaluate the preventative potential of antioxidant
agents in AD development (14, 18, 19). So far,
various researchers have investigated and endorsed
preventative and therapeutic effect of some
antioxidants in this model (20- 23).

The natural product dimethyl sulfoxide (DMSO)
[(CH3)280] is extracted from wood pulp during
paper manufacturing process. It is an amphipatic
molecule which can be simply dissolved in organic
and inorganic media. So, such a physico-chemical
property of DMSO has made it a widespread used
solvent in biological studies. Moreover, it has some
biological properties such as inhibition of calcium
influx (24) and platelet aggregated blockade (25-26).
Additionally, numerous beneficial clinical evidence
about DMSO is reported including effective reducing
of brain edema (27), inhibition of inflammation
process (28), relief of pain (29), effectively treating
the herpes zoster (30), preventing the tissue necrosis
caused by extravasation of chemotherapy drugs (31),
attenuation of pulmonary infiltration and improving
arterial blood gas in pulmonary amyloidosis (32),
lengthening survival in patients with colon carcinoma
(33), and even improving psychiatric disorders (34).
In spite of the wide-ranging therapeutic potentials of
DMSO, in 1978, FDA agreed on the intravesical
DMSO administration only for the treatment of
interstitial cystitis that is the main treatment to date
(35). In the recent years, it has been found that
DMSO via scavenging hydroxyl free radical is a
notable antioxidant (36-37). In accordance with
oxidative stress in pathogenesis of neurodegenerative
disease, particularly AD, as far as we know, no study
has investigated the involvement of DMSO on
memory performance. So, in this study, We sought to
is evaluate preventive effect of chronic dministration
of DMSO on STZ-induced memory deficit in rats.

Materials and Methods

Animals

40 adult male Wistar rats (250-300g), which were
free to access to food and water, were selected. Every
four rats were located in a cage and kept under
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standard housing conditions with room temperature
of 2542 °C and a 12-hour light/dark cycle. These
animal experiments were performed based on
recommendations from the Declaration of Helsinki;
and the internationally established principles for the
care and use of laboratory animals.

Surgery and bilateral implantation of guide cannulae

The rats were anesthetized by i.p. infusion of Ketamine

Ketamine (100mg/kg) and Xylazine (2.5 mg/kg)
mixture, and their heads were placed in stereotax
apparatus. Located in a site (AP= 0.8 mm; ML= +1.4
mm; DV= 3.6 mm) based on the rat brain atlas (38),
each guide cannula was positioned with a 0.5 mm
distance from the lateral ventricles level. Then, the
two small screws were located in the skull and were
fixed to the canuulae by dental cement.

Microinjection procedure

Infusion solutions in this study consist of normal
saline, STZ (Sigma-Aldrich, USA) dissolved in
normal saline, and DMSO (Sigma-Aldrich, USA).
All solutions were injected into the lateral ventricles.
According to the experimental protocol, the infusion
was done bilaterally (STZ/saline) and/or unilaterally
(DMSO/saline) through injection needles which were
connected to Hamilton microsyring by PE pipe. The
needle was long enough to be located in the middle
part of lateral ventricles after it moved beyond the tip
of guide cannula. The infusion process lasted 2 to 3
minutes. One minute after infusion, the needle was
removed very slowly from the site.

Assessment of memory and visuo-motor coordination
by MWM

MWAM is a black circular pool with 140 cm diameter
and 55 cm height which is filled with water
(20 £1 °C) to a depth of 25 cm. This pool is divided
into four virtual quadrants called north-east (NE),
south-east (SE), south-west (SW), and north-west
(NW). The animal movement and position were
tracked by a camera that was located above the pool.
The animals were marked by an LED display inside a
ping-pong ball that was held on the rats back by a
rubber jacket. The camera signal was digitalized with
1000 Hz sampling rate and fed to a computerized
tracking system that monitored and stored the
position and movement of the rat. In order to measure
spatial memory, we used a single day invisible
version of MWM. In this method a circular Plexiglas
platform with 11 cm diameter is located in the center
of the SW quadrant (target quadrant) 2 cm under the
water surface. The single training session
incorporated in 8 trials with four different starting
places that were regularly distributed the outer limits
of the pool (39, 40). During each trial, each animal
was given 60 seconds to escape on the hidden
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platform, and it was permitted to stay on the platform
for 20 seconds. Then, the animal rested for 30
seconds outside the maze. The next trial was repeated
the same way for eight times. Immediately after the
last trial, the rats were returned to their cages. The
next day, they were brought to the laboratory for
retrieval testing (probe trial). In the probe trial, the
animal was given 60 seconds to swim in the maze
without any platform. The time spent in the target
quadrant, the swimming velocity, and the numbers of
entrance to the target quadrant during 60 seconds were
recorded for the statistical analysis. Furthermore, the
mean of thedistance to hidden platform and swimming
velocity of the eight trails was calculated for the
statistical analysis. In the invisible version of MWM,
the animal was able to realize the exact location of the
hidden circular platform by making a multiple
connection between extra maze visual cues such asthe
bookshelf, the computer, the camera, the clock or
even the door and the window.

After the probe trial, it was the visible version of
MWM that was performed for all of the rats in order
to evaluate the probable interference of treatment on
the visuo-motor coordination and motivation. The
platform, in this test, was located 1 cm above the
water surface. This platform was also wrapped by
aluminum foil easily seen by the rats. This task
consists of four trials in each of which the animal was
randomly released next to the wall of the pool from
one of the four geographical directions. The escape
latency, the time it takes to find the platform, was
measured for the statistical analysis.

Experimental protocol

Therapeutic period was 14 days in all rats. They were
treated on the first and the third days by STZ (3 mg/
kg; i.c.v.; bilateral with 10 pl volume in either side)
or saline as a placebo (i.c.v.; bilateral with 10 pl
volume in either side). All of the STZ or saline
recipient animals in the first and the third days were
infused for 14 days with DMSO (2.5, 5 and 10 %v/v
in saline) or saline with 2 pl volume in the right side.
So that, six groups were examined in this
investigation as follows;

Sal-Sal (control) = Rats infused with saline on days 1
and 3 and treated with saline for 14 days. (n=7)
STZ-Sal = Rats infused with STZ on days 1 and 3
and treated with saline for 14 days. (n=7)
STZ-DMS02.5%, STZ-DMS05%, STZ-DMSO010%,
Sal-DMSO010% = Rats infused with STZ on days 1
and 3 and treated with DMSO 2.5, 5 or 10% for 14
days, respectively. (n=6, 7, 8)

Sal- DMSO10% = Rats infused with saline on days 1
and 3 and treated with DMSO10% for 14 days. (n=5)
On the day 15, without any treatment, the rats were
trained to find the hidden platform in the invisible
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version of MWM. After 24 hours, the probe trial was
performed to assess spatial memory. Finally, all of
the animals were tested in the visible version of
MWM. The whole experiment was performed in the
morning between 9 and 12. *

Statistical analysis

Collected data were evaluated by Kolmogorov —
Smirnov and Bartlett’s tests in order to examine the
normal distribution and the differences of standard
deviations among the experimental groups,
respectively. Determining statistically significant
differences in distance to hidden platform, visible
platform, and the time spent in the target quadrant a
one-way ANOVA was employed The significant,
result was followed by Tukey-Kramer post-hoc test
for paired comparison. Data for swimming velocity in
training sessions and probe tests were analyzed by
Kruskal-Wallis test. In addition, the distance to
platform and time spent in the target quadrant in
control and Sal-DMSO10% was analyzed by using
unpaired student t test. The results are presented as
Mean+S.E.M. Also, P<0.05 was considered as a
statistical significant level.

Results

There was no significant difference in the animals’
weight during the 14 day period among the
studied groups. Moreover, no animal died during
the experiment.

The effect of STZ with or without DMSO on
acquisition of spatial information has been shown in
Figure 1. One-way ANOVA analysis showed that
there was a significant difference in the distance to
the hidden platform of Sal-Sal group and the other
groups in the training sessions [F3, 34=6.15;
P=0.001].

80
70
60 +
50

40

Distance to platform (cm)

Sal-Sal STZ-sal STZ-DMS02.5 STZ-DMSOS STZ-DMS010

Figure 1. The effect of chronic i.c.v. administration of DMSO on
acquisition of spatial memory in the STZ-treated rats. The columns
represent mean+S.E.M of distance to hidden platform during 8
trials in training sessions. The result of Tukey-Kramer multiple
comparisons post test was presented in below of the figure (***
P<0.001 vs Sal-Sal group; ## P<0.01 vs STZ- Sal group).
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The result of Tukey-Kramer post-hoc test showed a
significant difference existed between Sal-Sal group
and STZ-Sal group (P<0.001). This means that the
central administration of STZ was able to cause
impairment of acquisition in spatial memory. In
addition, post-test results indicate a significant
difference between the STZ-Sal group and the STZ-
DMSO10 group in the distance to hidden platform
(P<0.01). However, compared to the Sal-Sal group,
this difference was not observed in the STZ-DMS02.5
and STZ-DMSOS5 groups (P>0.05). Indeed, chronic
treatment of animals with DMSO10% prevents STZ-
induced acquisition of memory impairment.

The effect of i.c.v. STZ with or without DMSO on
retrieval of spatial information has been shown in
Figure 2. The one-way ANOVA analysis also showed
that there was a significant difference in the time
spent in target quadrant of Sal-Sal group and the
other groups in the probe trial of the invisible version
of MWM test [F3,34=11.69; P=0.001]. Based on the
Tukey-Kramer post-hoc test, there was a significant
difference between Sal-Sal and STZ-Sal groups
(P<0.001), Sal-Sal and STZ-DMSO2.5 groups (P<0.
01), and Sal-Sal and Sal-DMSOS5 groups (P<0.001),
but not seen between Sal-Sal and the STZ-DMSO10
groups. In addition, a significant increase in time
spent in the target quadrant was observed in the STZ-
DMSOI10 group compared with the STZ-Sal group
(P<0.01). This means that the chronic i.c.v. infusion
of animals with DMSO10% prevents STZ-induced
retrieval of memory impairment. The number of
entrance into the target quadrant in probe trials
paralleled the time spent in the target quadrant,
therefore, was not shown separately.
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Sal-Sal STZ-Sal STZ-DMS02.5 STZ-DMSO5 STZ-DMS010

Figure 2. Twenty-four hours after training session, retrieval of
spatial memory was tested in probe trial. The columns represent
mean+S.E.M of time spent in target quadrant during the 60 s probe
test. The result of Tukey-Kramer multiple comparisons post test
was presented in below of the figure (*** P<0.001and ** P<0.01
vs Sal-Sal group; ## P<0.01 vs STZ- Sal group).

The effect of STZ with or without DMSO on motor
performance has been shown in Figure 3. Statistical
analysis of the swimming velocity in all groups, both

WWW.rmm.mazums.ac.ir

in the training sessions and the probe tests on
Bartlett's test revealed difference. Therefore, non-
parametric test was used to analyze animal swimming
velocity.
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Figure 3. The effect of i.c.v. administration of STZ and/or DMSO
on the motor activity. The columns represent mean+S.E.M. of
swimming velocity of during 8 trials in training session (A) and the
60 s probe test (B).

One-way Kruskal-Wallis ANOVA showed that there
was no significant difference in the swimming
velocity among the groups in the training sessions
[(Fig. 3A) (KW=1.46; P=0.97)] and the probe tests
[(Fig. 3B) (KW=4.01; P=0.4)]. The effect of STZ
with or without DMSO on visuo-motor coordination
was assessed immediately after probe trial in visible
version of MWM. The STZ and/or DMSO treated
groups showed no difference in escape latency to find
visible platform compared to the control (Sal-Sal)
group [(Figure 4) (F4, 34=0.19; P=0.94)].

Visible task

Escape latency (sec)

Sal-Sal STZ-Sal  STZ-DMS02.5 STZ-DMSOS STZ-DMSO10

Figure 4. The effect of i.c.v. administration of STZ and/or DMSO
on visuo-motor coordination of the animals. The columns represent
mean+S.E.M. of escape latency to find the visible platform of
during 4 trials in visible version of MWM task. The STZ and/or
DMSO treated rats showed no significant differences in escape
latency compared to the control (Sal-Sal) group.
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Effective dose of DMSO (i.e. 10%) that improves
memory impairment in STZ-treated rats were studied
on acquisition and retrieval of spatial memory in
STZ-free rats. One-way ANOVA analysis showed
that there was no significant difference in the distance
to the hidden platform [(Figure 5A) (P=0.65)] and
time spent in the target quadrant [(Fig. 5B) (P=0.98)]
of Sal-Sal group and the Sal-DMSO10% groups in
the training sessions and the probe tests, (P=0.65).
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Figure 5. The effect of Chronic i.c.v. infusion of DMSO 10% on
acquisition and retrieval of spatial memory in STZ-free rats. The
columns represent mean+S.E.M of distance to hidden platform
during 8 trials in training sessions (A) and time spent in target
quadrant during the 60 s probe test (B).

Discussion

The main findings of this study are: summarized in 5
points 1) After two weeks, i.c.v. administration of
STZ on the first and the third days caused deficit in
acquisition and retrieval of spatial memory in MWM
(2). The two-week i.c.v. DMSO 10% administration
in the STZ-treated rats prevented the STZ-induced
memory acquisition and retrieval impairment. 3) The
two-week i.c.v. DMSO 10% administration in the
STZ-free rats had no effect on the spatial memory in
MWM. 4) Neither DMSO nor STZ had effect on
swimming velocity in invisible task of MWM. 5)
i.c.v. administration of STZ and/or DMSO had no
effect on escape latency to find the visible platform in
non-spatial version of MWM.

The evidence we obtained found here, clearly
indicates that chronic i.c.v. infusion of DMSO10%
prevents the impairment effect of STZ on acquisition
and retrieval of spatial memory in single day invisible
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version of MWM, which involve place memory.
Preventing effect of DMSO in STZ-treated rats was
observed in both the distance swum in order to locate
the hidden platform and time spent in target quadrant
using visual environment cues. Evaluation of the rats
during training session and probe trial, it is clear the
chronic i.c.v. administration of DMSO has no effect
on locomotor performance. Indeed, DMSO treated
groups did not differ in escape latency to find the
visible platform during non-spatial memory task,
namely the observed DMSO effects could not be
attributed to the non-mnemonic factors such as
motivation or visuo-motor coordination.

Our findings illustrate that i.c.v. administration of
STZ caused acquisition and retrieval impairment of
spatial information after two weeks. However, most
of the studies in which STZ was used to induce
animal model of AD reported that i.c.v.-STZ infusion
caused memory deficit after three weeks (20, 22). So
far, various experimental models of AD such as
lesion of forebrain cholinergic neuron by i.c.v.
injection of 1g-G-saporin (41), transgenic animals
(11), i.c.v. and intrahippocampal infusion of p-
amyloid (42), aged animals (43) and antagonization
of cholinergic pathways in the fore brain by
anticholinergic agents like scopolamine (12). have
been used.However, i.c.v.-STZ administration of STZ
in rats causes progressive and long-term learning,
memory and cognitive performance deficit which are
very similar to SAD (13, 14). Moreover, the STZ
model has been considered to be the most appropriate
model for evaluating therapeutic and preventive
effects of drugs with unknown functions (18, 19).
Some findings in this research have shown that
chronic i.c.v administration of DMSO had no effect
on memory function in STZ-free animals, thought.
Although, in many researches, DMSO has mainly
been used as a vehicle and locally infused in some
areas of central nervous system without interference
in food intake (44), reinforcement behavior (45) and
sleep-wake pattern (46), this is the first report
highlights the existence of some cognition effect of
i.c.v. DMSO in STZ-treated and -free rats.

DMSO has mainly been used as a solvent due to its
dissolving of hydrophilic and hydrophobic
substances, although scavenger of hydroxyl free
radicals is considered one of the most important
features of this agent (37) Considering the oxidative
reaction interference in pathogenesis of AD (4, 3), it
seems that in the SAD model some improving effect
of DMSO in our study can be attributed to its
antioxidant effect. This is the first report presented
for the improving potential of DMSO on STZ-
induced memory deficit. However, many other
studies have found that chronic treatment of the
antioxidant agents such as alpha lipoic acid (20),
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pioglitazone (21) and quercetin (22) have considerable
preventing and improving effects on the cognitive
impairment related to STZ. Moreover, it has been
reported that by the blockade of hydroxyl radical-
mediated oxidative damage, the DMSO has been
protected against the toxic effects of the 1-methyl-4-
phenylpyridinium in substantia nigra neurons (47).
There has already been evidence of the relationship
between reduced cerebral blood flow and memory
impairment in the incidence of AD (48). Furthermore,
it has been proposed that cerebral hypoperfusion be a
sign of AD development (49). Since DMSO causes
increase in cerebral blood flow (50), then we can
partly attribute improving effect of DMSO in STZ-
treated rats to its hyperperfusion effect. In the same
way, by bilateral occlusion of common carotid arteries
in rats and induction of cerebral hypoperfusion that
followed by memory deficit, Farkas and et al (51)
showed that 5-day treatment with dizoxide dissolved
in DMSO and DMSO alone could attenuate
generation of the cognition disorder. In addition, in
this brain hypoperfusion model, it has been found
that combination of DMSO and fructose 1, 6-
diphosphate improves spatial memory resulting in
brain hypoperfusion (52).

Stimulation of the inflammatory process is another
proposed hypothesis in the pathogenesis of the AD.
McGeer et al (53) meta-analyzed 17 epidemiological
studies and concluded that anti-inflammatory agents
have a protective effect in the AD incidence.
Considering that anti-inflammatory effects of DMSO
have been confirmed in many studies (17, 33), we can
probably attribute the DMSO benefit on spatial
memory in SAD model to itsanti-inflammatory properties.
There are two points with regard to DMSO
interference in the STZ-induced AD model: first,
while using the DMSO in the experimental memory
deficit models, the researchers should be careful so as
not to misinterpret the result. Second, DMSO, as
solvent of hydrophilic and hydrophobic substances,
has frequently been used in the animal studies, and
then we suggest that administrating DMSO as an
adjuvant with therapeutic drugs in experimental
models of AD have potential effects on prevention or
even treatment of this disease.

Limitations

In this study we have not measured the oxidative
stress parameters such as malondialdehyde and
glutathione activity in the animal’s brains. If this is
done, provides valuable information about the
mechanism of the memory improvement of DMSO.

Conclusion

In general, this study showed that after two weeks of
i.cv. STZ infusion, acquisition and retrieval of
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spatial memory in single-day testing version of
MWM was impaired, and 14 days treating the
animals with DMSO 10% caused some prevention in
development of memory deficit. We concluded that
anti-inflammation, hyper perfusion, and anti-oxidant
effects of DMSO might be the probable memory-
improving mechanisms. However, the exact
mechanisms of the DMSO to improve memory
should be studied in future.

Conflict of interest
The author declare no conflicts of interest.

Acknowledgement
This work was supported by a grant of the Psychiatry
and Behavioral Sciences Research Center, School of
Medicine, Mazandaran University of Medical
Sciences, Sari, Iran.

References

1. Forster MJ, Dubey A, Dawson KM, Stutts WA, Lal H, Sohal RS
Age-related losses of cognitive function and motor skills in mice
are associated with oxidative protein damage in the brain. Proc
Natl Acad Sci U S A. 1996; 93 (10):4765-9. PMID: 8643477

2. Butterfield DA Proteomics: a new approach to investigate
oxidative stress in Alzheimer's disease brain. Brain Res. 2004;
1000 (1-2):1-7. PMID: 15053946

3. Simonian NA, Coyle JT. Oxidative stress in neurodegenerative
diseases. Annu Rev Pharmacol Toxicol.1996; 36:83-106. PMID:
8725383

4. Nunomura A, Castellani RJ, Zhu X, Moreira PI, Perry G, Smith
MA. Involvement of oxidative stress in Alzheimer disease. J
Neuropathol Exp Neurol. 2006; 65 (7):631-41. PMID: 8725383

5. Selley ML, Close DR, Stern SE. The effect of increased
concentrations of homocysteine on the concentration of (E)-4-
hydroxy-2-nonenal in the plasma and cerebrospinal fluid of
patients with Alzheimer's disease. Neurobiol Aging. 2002; 23
(3):383-8. PMID: 11959400

6. Markesbery WR. The role of oxidative stress in Alzheimer
disease. Arch Neurol. 1999; 56 (12):1449-52. PMID: 10593298

7. Christen Y. Oxidative stress and Alzheimer disease. Am J Clin
Nutr. 2000; 71 (2):621S-629S. PMID: 10681270

8. Sano M, Ernesto C, Thomas RG, Klauber MR, Schafer K,
Grundman M, et al. A controlled trial of selegiline, alpha-
tocopherol, or both as treatment for Alzheimer's disease. The
Alzheimer's Disease Cooperative Study. N Engl J Med. 1997; 336
(17):1216-22. PMID: 9110909

9. Lu P, Mamiya T, Lu LL, Mouri A, Zou L, Nagai et al. Silibinin
prevents amyloid beta peptide-induced memory impairment and
oxidative stress in mice. Br J Pharmacol. 2009; 157 (7):1270-7.
PMID: 19552690

10. Feng Z, Zhang JT Protective effect of melatonin on beta-
amyloid-induced apoptosis in rat astroglioma C6 cells and its
mechanism. Free Radic Biol Med. 2004; 37 (11):1790-801. PMID:
15528038

Res Mol Med, 2013, 1 (1) 26



Akbari et al.

11. Nakashima H, Ishihara T, Yokota O, Terada S, Trojanowski JQ,
Lee VM, Kuroda S. Effects of alpha-tocopherol on an animal
model of tauopathies. Free Radic Biol Med. 2004; 37 (2):176-86.
PMID: 15203189

12. Fan Y, Hu J, Li J, Yang Z, Xin X, Wang J, Ding J, Geng M.
Effect of acidic oligosaccharide sugar chain on scopolamine-
induced memory impairment in rats and its related mechanisms.
Neurosci Lett. 2005; 374 (3):222-6. PMID: PMID: 15663967

13. Sonkusare S, Srinivasan K, Kaul C, Ramarao P. Effect of
donepezil and lercanidipine on memory impairment induced by
intracerebroventricular streptozotocin in rats. Life Sci. 2005; 77
(1):1-14.

14. Nitsch R, Hoyer S. Local action of the diabetogenic drug,
streptozotocin, on glucose and energy metabolism in rat brain
cortex. Neurosci Lett. 1991; 128 (2):199-202. PMID: 15848214

15. Veerendra Kumar MH, Gupta YK.Effect of Centella asiatica
on cognition and oxidative stress in an intracerebroventricular
streptozotocin model of Alzheimer's disease in rats. Clin Exp
Pharmacol Physiol. 2003; 30 (5-6):336-42. PMID: 12859423

16. Blokland A, Jolles J. Spatial learning deficit and reduced
hippocampal ChAT activity in rats after an ICV injection of
streptozotocin. Pharmacol Biochem Behav. 1993; 44 (2):491-4.
PMID: 8446683

17. Baluchnejadmojarad T, Roghani M, Hosseinzadeh S.
Mefenamic Acid Attenuates Intracerebroventricular
Streptozotocin-Induced Cognitive Deficits in the Rat: A Behavioral
Analysis. Iranian J Pharmacol Ther. 2007; 6 (1):45-49.

18. Plaschke K, Hoyer S. Action of the diabetogenic drug
streptozotocin on glycolytic and glycogenolytic metabolism in
adult rat brain cortex and hippocampus. Int J Dev Neurosci.1993;
11 (4):477-83. PMID: PMID: 8237464

19. Salkovic-Petrisic M, Knezovic A, Hoyer S, Riederer P. What
have we learned from the streptozotocin-induced animal model of
sporadic Alzheimer's disease, about the therapeutic strategies in
Alzheimer's research. J Neural Transm (Vienna). 2013; 120(1):
233-52. PMID: 22886150

20. Sharma M, Gupta YK. Effect of alpha lipoic acid on
intracerebroventricular streptozotocinmodelofcognitive impairment
in rats. Eur Neuropsychopharmacol. 2003; 13 (4):241-7. PMID:
12888183

21. Pathan AR, Viswanad B, Sonkusare SK, Ramarao P. Chronic
administration of pioglitazone attenuates intracerebroventricular
streptozotocin induced-memory impairment in rats. Life Sci. 2006;
79 (23):2209-16. PMID: 16904700

22. Tota S, Awasthi H, Kamat PK, Nath C, Hanif K. Protective
effect of quercetin against intracerebral streptozotocin induced
reduction in cerebral blood flow and impairment of memory in
mice. Behav Brain Res. 2010; 209 (1):73-9. PMID: 20096732

23. Clark TA, Lee HP, Rolston RK, Zhu X, Marlatt MW,
Castellani RJ, et al. Oxidative Stress and its Implications for Future
Treatments and Management of Alzheimer Disease. Int J Biomed
Sci. 2010; 6 (3):225-227. PMID: 21765811

24. Lu C, Mattson MP. Dimethyl sulfoxide suppresses NMDA-
and AMPA-induced ion currents and calcium influx and protects
against excitotoxic death in hippocampal neurons. Exp Neurol.
2001; 170 (1):180-5. PMID: 11421595

WWW.rmm.mazums.ac.ir

25. Saeed SA, Karimi SJ, Suria A. Differential effects of dimethyl
sulfoxide on human platelet aggregation and arachidonic acid
metabolism. Biochem Med Metab Biol. 1988; 40 (2):143-50.
PMID: 3142504

26. De la Torre JC. Role of dimethyl sulfoxide in prostaglandin-
thromboxane and platelet systems after cerebral ischemia. Ann N
Y Acad Sci.1983; 411: 293-308. PMID: 6349494

27. lkeda Y, Long DM. Comparative effects of direct and indirect
hydroxyl radical scavengers ontraumatic brain oedema. Acta
Neurochir Suppl (Wien). 1990; 51:74-6. PMID: 2128587

28. Hollebeeck S, Raas T, Piront N, Schneider YJ, Toussaint O,
Larondelle Y, et al. Dimethyl sulfoxide (DMSO) attenuates the
inflammatory response in the in vitro intestinal Caco-2 cell model.
Toxicol Lett. 2011; 206 (3):268-75. PMID: 21878375

29. Hoang BX, Tran DM, Tran HQ, Nguyen PT, Pham TD, Dang
HV, Ha TV, Tran HD, Hoang C, Luong KN, Shaw DG.Dimethyl
sulfoxide and sodium bicarbonate in the treatment of refractory
cancer pain. J Pain Palliat Care Pharmacother. 2011; 25 (1):19-24.
PMID: 21426213

30. Swanson BN. Medical use of dimethyl sulfoxide (DMSO). Rev
Clin Basic Pharm. 1985; 5 (1-2):1-33. PMID: 3916302

31. Bertelli G, Gozza A, Forno GB, Vidili MG, Silvestro S,
Venturini M, et al. Topical dimethylsulfoxide for the prevention of
soft tissue injury after extravasation of vesicant cytotoxic drugs: a
prospective clinical study. J Clin Oncol. 1995; 13 (11):2851-5.
PMID: 7595748

32. Iwasaki T, Hamano T, Aizawa K, Kobayashi K, Kakishita E. A
case of pulmonary amyloidosis associated with multiple myeloma
successfully treated with dimethyl sulfoxide. Acta Haematol. 1994,
91 (2):91-4. PMID: 8023651

33. Salim AS. Oxygen-derived free-radical scavengers prolong
survival in gastric cancer. Chemotherapy. 1992; 38 (2):135-44.
PMID: 1591948

34. Smith RS.A comprehensive macrophage-T-lymphocyte theory
of schizophrenia. Med Hypotheses. 1992; 39 (3):248-57. PMID:
1361959

35. Parkin J, Shea C, Sant GR, Intravesical dimethyl sulfoxide
(DMSO) for interstitial cystitis--a practical approach. Urology.
49(5A Suppl):105-7. PMID: 9146010

36. Gibson GE, Zhang H, Sheu KR, Park LC. Differential
alterations in antioxidant capacity in cells from Alzheimer patients.
Biochim Biophys Acta. 2000; 1502 (3):319-29. PMID: 11068175

37. Regoli F, Winston GW.Quantification of total oxidant
scavenging capacity of antioxidants for peroxynitrite, peroxyl
radicals, and hydroxyl radicals. Toxicol Appl Pharmacol. 1999;
156 (2):96-105. PMID: 10198274

38. Paxinos G, Watson C, Emson PC. AChE-stained horizontal
sections of the rat brain in stereotaxic coordinates. J Neurosci
Methods. 1980. 3(2): 129-49. PMID: 6110810

39. Akbari E, Naghdi N, Motamedi F. The selective orexin 1
receptor antagonist SB-334867-A impairs acquisition and
consolidation but not retrieval of spatial memory in Morris water
maze. Peptides. 2007; 28 (3):650-6. PMID: 17161886

Res Mol Med, 2013, 1 (1): 27



Akbari et al.

40. de Quervain DJ, Roozendaal B, McGaugh JL. Stress and
glucocorticoids impair retrieval of long-term spatial memory.
Nature. 1998; 394 (6695):787-90. PMID: 9723618

41. Schliebs R, Rossner S, Bigl V (1996) Immunolesion by
1921gG-saporin of rat basal forebrain cholinergic system: a useful
tool to produce cortical cholinergic dysfunction. Prog Brain Res
109:253-64. PMID: 9009714

42. Gong QH, Pan LL, Liu XH, Wang Q, Huang H, Zhu YZ.
S-propargyl-cysteine (ZYZ-802), a sulphur-containing amino acid,
attenuates beta-amyloid-induced cognitive deficits and pro-
inflammatory response: involvement of ERKI1/2 and NF-xB
pathway in rats. Amino Acids. 2011; 40 (2):601-10. PMID:
20640462

43. Pepeu G, Casamenti F, Pepeu IM, Scali C.The brain
cholinergic system in ageing mammals. J Reprod Fertil Suppl.
1993; 46:155-62. PMID: 8315616

44. Blevins JE, Stanley BG, Reidelberger RD. DMSO as a vehicle
for central injections: tests with feeding elicited by norepinephrine
injected into the paraventricular nucleus. Pharmacol Biochem
Behav. 2002; 71 (1-2):277-82. PMID: 11812533

45. Cory-Slechta DA, Pazmino R, Bare C. The critical role of
nucleus accumbens dopamine systems in the mediation of fixed
interval schedule-controlled operant behavior. Brain Res. 1997;
764 (1-2):253-6. PMID: 9295219

46. Ramesh V, Kumar VM.The role of alpha-2 receptors in the
medial preoptic area in the regulation of sleep-wakefulness and
body temperature. Neuroscience. 1998; 85 (3):807-17. PMID:
9639274

47. Wu RM, Mohanakumar KP, Murphy DL, Chiueh CC
Antioxidant mechanism and protection of nigral neurons against
MPP+ toxicity by deprenyl (selegiline). Ann N Y Acad Sci. 1994;
738:214-21. PMID: 7832430

WWW.rmm.mazums.ac.ir

48. Ohnishi T, Hoshi H, Nagamachi S, Jinnouchi S, Flores LG 2nd,
Futami S, Watanabe K. High-resolution SPECT to assess
hippocampal perfusion in neuropsychiatric Diseases. J Nucl Med.
1995; 36 (7):1163-9. PMID: 7790939

49. Nobili F, Copello F, Buffoni F, Vitali P, Girtler N, Bordoni C,
Safaie-Semnani E, Mariani G, Rodriguez G. Regional cerebral
blood flow and prognostic evaluation in Alzheimer's disease.
Dement Geriatr Cogn Disord. 2001; 12 (2):89-97. PMID:
11173880

50. Karaga M, Kili¢ E, Yazici B, Demir S, de la Torre JC. Ischemic
stroke in elderly patients treated with a free radical scavenger-
glycolytic intermediate solution: a preliminary pilot trial. Neurol
Res. 2002; 24 (1):73-80. PMID: 11783757

51. Farkas E, Institoris A, Domoki F, Mihaly A, Luiten PG, Bari F
Diazoxide and dimethyl sulphoxide prevent cerebral
hypoperfusion-related learning dysfunction and brain damage after
carotid artery occlusion. Brain Res. 2004; 1008 (2):252-60. PMID:
15145763

52. de la Torre JC, Nelson N, Sutherland RJ, Pappas BA. Reversal
of ischemic-induced chronic memory dysfunction in aging rats
with a free radical scavenger-glycolytic intermediate combination.
Brain Res. 1998; 779 (1-2):285-8. PMID: 9473696

53. McGeer PL, Schulzer M, McGeer EG .Arthritis and anti-
inflammatory agents as possible protective factors for Alzheimer's
disease: a review of 17 epidemiologic studies. Neurology. 1996; 47
(2):425-32. PMID: 8757015

Res Mol Med, 2013, 1 (1): 28





