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Abstract

Poor nutrition, poor mobility, obesity and ageing increase the possibility of neuronal disorder and Alzheimer’s disease. This study
examined effect of Cornus mas flavonoids on memory retention and the level of plasma glucose and lipids in an intra-cerebroventricular
streptozotocin-induced experimental Alzheimer’s disease model in Wistar rats. Intracerebroventricular administration of streptozotocine
(3 mg kg-1) was performed and the animals memory were evaluated through passive avoidance tasks. Five groups (saline-saline control,
streptozotocine-saline, and streptozotocine with different flavonoid doses [5, 10,20 mg kg™']) were examined. Animals received different
doses of C. mas flavonoids or saline for three weeks starting one day before surgery. Rat weight was measured at the beginning of
each week. Injection of streptozotocine significantly reduced memory retention, compared to the control group. Flavonoid treatment
increased memory retention in a dose-dependent manner, and triglyceride and glucose concentration decreased memory retention. At
the same time, high-density lipoprotein concentration increased without any effect on low-density lipoprotein concentration. The dose
of 10 mg kg™ decreased rat weight significantly. Our findings show that C. mas flavonoids can optimize cognitive deficits caused by

injections of streptozotocine and also have a few positive effects on reducing the risk factors in the serum.
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STZ, streptozotocine.

Introduction

Alzheimer’s disease (AD) is a progressive degenerative
disease causing memory disorder, decreasing cognitive
function and ability, and resulting in behavioral changes
(Hoseini, Nobakht 2012). The origin of the disease is
unknown but it ultimately shrinks the brain, destroys brain
cells,and causes aging plaques and neurofibrillary tangles in
brain cells (Haroutunian et al. 2009). Recent studies suggest
that besides ageing as a main risk factor for AD, life style
and nutritional behaviors play a critical role in the onset of
dementia (Iosa et al. 2014). Poor nutrition, poor mobility
and obesity in the recent decades have led to an increase
of neuronal disorder and metabolic syndrome. Some
factors such as hyperglycemia, hypertension, high plasma
concentration of triglycerides and low concentration
of high-density lipoprotein (HDL) cholesterol, insulin
resistance, glucose intolerance and oxidative stress have all
been reported in metabolic syndrome (Razay et al. 2007).
Some of these risk factors have a key role in progressive
cognitive disorder and Alzheimer’s disease (Vanhanen et
al. 2006). Numerous studies suggest that oxidative stress
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including lipid peroxidation, protein oxidation and DNA
oxidation is an early feature in the pathogenesis of neuronal
damage in AD (Zhi-you, Yong 2007).

Some studies have indicated that the flavonoids are able
to cross the blood-brain barrier (Williamson, Clifford 2010)
and have a positive effect on the reduction of neuronal
damage disorders in the brain such as in the case of AD
(Harborne, Williams 2000). Flavonoids can scavenge free
radicals with several mechanisms in order to prevent the
occurrence of oxidative stress. These mechanisms include
direct inhibition of free radicals, and then oxididation
of flavonoids. In other methods, flavonoids absorb free
radicals and inhibit their oxidation (Choi et al. 2003).
These compounds use many different mechanisms to
reduce blood parameters that can reduce the inflammatory
cytokines and production of B-amyloid and increase the
sensitivity of cells to insulin, hence effective in preventing
the rapid advancement of Alzheimer’s disease (Shukitt-
Hale, Lau 2008; Sun, Hongpaisan 2009; Rendeiro, Guerreiro
2012).

Cornus mas L. (cornelian cherry) contains high levels
of antioxidants and anthocyanins and has been used for
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gastrointestinal and excretory disorders for many years
in traditional medicine. Some studies have shown that
C. mas may improve kidney and liver functions, and
have protective effects such as antidiabetic, anti-allergic,
antihistamine, antibacterial, and antimalarial properties
(Alavian et al. 2014; Somi et al. 2014). Oral administration
of C. mas fruits extract to rats for 14 to 16 days provided
significant hepatoprotection by a decreased serum level
of enzymes, total serum protein, albumin and liver lipid
peroxidation concentration as well as liver antioxidant
enzyme activity. Also, treatment with C. mas fruit extract
treatment ameliorated myocardial injury and enhanced the
antioxidant defense against CCl -induced cardiotoxicity
in rats and exhibited cardioprotective properties (Eshaghi
et al. 2012). Infusion of C. mas fruit extract had no effect
on serum ghrelin and corticosterone levels in a rat model,
although it may have considerable effect on glycemic status
(Narimani-Rad et al. 2013). In another study the effect of
21 days of C. mas hydro-methanolic extract administration
on rat hematological and biochemical parameters was
investigated (Narimani-Rad et al. 2014).

Besides the potential use of C. mas flavonoids in
reducing oxidative stress and inflammatory cytokine levels
and in increasing cells’ sensitivity to insulin, the flavanoids
may also reduce glucose levels, remove blood disorders
and reduce body weight. The present study examined
the possible effects of C. mas flavonoids on memory
retention and level of plasma glucose and lipids in an
intra-cerebroventricular streptozotocine (STZ) induced
experimental AD model in Wistar rats.

Materials and methods

Preparation of C. mas fruit flavonoids

Mature fresh fruit of Cornelia Cherry C. mas (Cornaceae)
was collected locally. It was identified and authenticated in
accordance with the descriptions provided (Mozaffarian
2005). Fruits were dried in shade for a week after seed
separation. Extraction of the prepared fruit material was
done using 70% ethanol. Then flavonoids in the aqueous-
ethanolic extract were detected, isolated and identified by
two-dimensional paper and thin layer chromatography
according to the available methods (Markham 1982). The
pure fruit flavonid extract was kept in dark vials and stored
in cool conditions until use.

Animals

Male Wistar rats (Pasteur Institute; Tehran, Iran) weighing
220 to 250 g at the time of surgery were used. The animals
were kept in an animal house under a 12/12 h light/dark
cycle and controlled (22 + 2 °C) temperature. The rats had
free access to food and water. All animals were allowed
to adapt to the laboratory conditions for at least 1 week
before the surgery and were handled for 5 min per day
during this adaptation period. Each animal was used once
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only. Eight animals were used in each experimental group
and all procedures for the treatment of the animals were
approved by the Research and Ethics Committee of the
Biology School, the University of Arak and were done in
accordance with the National Institutes of Health Guide for
Care and Use of Laboratory Animals (Publication no. 80-
23, revised 1996).

Surgical and infusion procedures

All surgical procedures were conducted under ketamine-
xylazine (50 mg kg ketamine and 5 mg kg xylazine)
anesthesia (Roghani et al. 2006). Stainless steel, 22-gauge
guide cannulas were implanted (bilaterally) 1 mm above
the intended site of injection according to the Paxinos and
Watson (1988) atlas. Stereotaxic coordinates for lateral
ventricle were incisor bar (3.3 mm), 0.8 mm posterior to
the bregma, +1.4 mm lateral to the sagital suture and 3.4
mm from the top of the skull. Cannulas were secured by
jewelers’ screws with dental acrylic. For drug infusion, the
animals were gently restrained by hand and injected by
27-gauge injection needles (1 mm below the tip of the guide
cannulas). Each injection unit was injected by polyethylene
tubing attached to a 25 uL Hamilton syringe. The left and
right ventricles were infused with a 10 pL solution on each
side (20 uL per rat) over 2 to 3 min. The injection needles
were left in place for an additional 60 s to allow diffusion
and then the styles were reinserted into the guide cannulas.

Passive avoidance apparatus

The learning box consisted of two compartments: one lit
(white compartment, 20 x 20 x 30 cm) and the other dark
(black compartment, 20 x 20 x 30 cm). A guillotine door
opening (7 x 9 cm) was made on the floor in the center of
the partition between the two compartments. Stainless steel
graids (0.4 mm in diameter) were placed at 1-cm intervals
(distance between the centers of grades) on the floor of the
dark compartment to produce a foot shock. Intermittent
electric shocks (1 Hz, 3 s,0.2 mA) were delivered to the grid
floor of the dark compartment by an insulated stimulator.

Training

The method for training was based on that employed in
our previous studies (Ejaz Ahmed et al. 2013). All animals
were allowed to habituate in the experimental room
for at least 30 min prior to the experiments. Then, each
animal was gently placed in the brightly lit compartment
of the apparatus; after five seconds the guillotine door
was opened and the animal was allowed to enter the dark
compartment. The latency with which the animal crossed
into the compartment was recorded. Animals that waited
for more than 100 s to cross to the dark compartment
were eliminated from the experiments. Once the animal
crossed with all four paws into the next compartment, the
guillotine door was closed and the rat was placed in its cage
(habituation trail). The acquisition trail was carried out 30
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min after the habituation trail. The animal was placed in
the light compartment and 5 s later the guillotine door was
opened; as soon as the animal crossed to the dark (shock)
compartment the door was closed and a foot shock (1 Hz,
10.2 mA and 3 s) was immediately delivered to the grid
floor of the dark room. After 20 s, the rat was removed
from the apparatus and placed temporarily in its cage. Two
minutes later, the procedure was repeated. The rat received
a foot shock each time it re-entered the dark part and had
placed all four paws in the compartment. The training was
terminated once the rat remained in the light compartment
for 120 consecutive seconds. The numbers of trails (entries
into the dark chamber) were recorded. All of the animals
were taught with a maximum of three trails.

Retention test

Twenty-four hours after the training, a retention test was
performed to determine long-term memory. Each animal
was placed in the light compartment for 20 s, the door
was opened and the step through latency was measured
for entering into the dark compartment. The test session
ended when the animal entered the dark compartment or
remained in the light compartment for 300 s (criterion for
retention). During these sessions, no electric shock was
applied (Roghani et al. 2007).

Drugs

The drugs used in the study were streptozotocine (Sigma-
Aldrich, USA) and C. mas fruit flavonoids (5, 10, 20 mg
kg™). The drugs were dissolved in sterile 0.9% saline just
before the experiment. Streptozotocine was administered
into the lateral ventricle and C. mas fruit flavonoid or saline
were injected intraperitoneally (i.p.).

Experimental procedure

Eight animals were chosen for each experimental group.
The therapeutic period was 21 days for all of the rats. They
were treated on the first and the third day with STZ (3 mg
kg™; i.c.v; bilateral with 10 puL volume in either side) or
saline as a placebo (i.c.v; bilateral with 10 puL volume in
either side). All of the animals receiving STZ or saline were
infused for 21 days with different doses of flavonoids (5, 10,
20 mg kg i.p.) or saline (1 mL kg™ i.p.) starting one day
before the surgery. On day 22, without any treatment, the
rats were trained in a step-through apparatus. Twenty-four
hours later, a retention test was performed to determine the
rate of long-term memory. All experiments were performed
in the morning between 9:00 and 12:00.

Body weight of rats was measured at the beginning
of each week. After the behavioral test and a subsequent
period of 14 h without food, animals were killed one at a
time. Blood was obtained through the heart right ventricle
and concentrations in blood of glucose, triglyceride, the
LDL-cholesterol and the HDL-cholesterol were determined
with enzymatic and photometric methods.

In the memory retrieval experiment, five groups of
animals were treated on the first and third day 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 uL volume in
either side). All of the animals were infused with saline (1
ml kg i.p.) or different doses of flavonoids (5, 10, 20 mg
kg ip.) for 21 days. On day 22, without any treatment, the
rats were trained in a step-through apparatus. Twenty-four
hours later, a retention test was performed to determine the
rate of the long-term memory (Fig. 1).

Verification of cannula placement

At the end of the experiment, to assess the validity and
accuracy of the coordinates of the surgical site and the
injection, 1 pL of 1% aqueous solution of methylene blue
was bilaterally injected. Animal brain was removed from
the skull and was fixed in 10% formalin solution for 10
days. Sections were examined to determine the location of
the cannulas aimed for the lateral ventricle. The cannula
placements were verified using the atlas of Paxinos and
Watson (Paxinos, Watson 1988). Data from the animals
with the injection sites located outside the lateral ventricle
(less than 5%) were not used in the analysis.

Statistical analysis
For all experiments, the avoidance test data and the data
related to the blood parameters were analyzed using
SPSS software and unilateral variance analysis (one-way
ANOVA) and the Tukey test. The weight data were also
analyzed by SPSS software through repeated measures
analysis of variance.

Differences at P < 0.05 were regarded as significant. All
results are shown as mean * standard deviation from the
mean. Charts were drawn using Sigma Plot software.

Results

Flavonoid concentration in C. mas fruit was 32 g kg! on
a dry mass basis, consisting of flavonoid sulphates and C
and C-O glycosides of flavones. Chrysin, isorhamnetin,
kaempferol, myercetin, quercetin and rutin were identified
as the main constituents.

Rat receiving intraventricular injections of streptozo-
tocin (3 mg kg') in the first and the third day of the
surgery had a significant delay in entering the dark room
in comparison to the control group (Fig. 1). Consequently,
STZ reduced memory creating a delay in memory response
in 24 h. The administration of different doses of C. mas
flavonoids (5, 10 and 20 mg kg™ i.p.), 21 days before the
training and injection of STZ in the first and third day of
surgery improved memory, compared to that of the STZ
group. Treatment with different doses of C. mas flavonoids
significantly reduced the period of time before entering in
a dark room. The maximum effect was observed with 10 mg
kg™ of flavonoids (F, ,, = 63.576, p < 0.001).
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Fig. 1. Streptozotocin induced amnesia in rats with Alzheimer’s
disease compared to the control group. Results are expressed as
mean * SD from eight animals. *** p < 0.001 compared to control.
*p <0.05,** p<0.01,*** p < 0.001 is compared to STZ group.
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Fig. 3. The effect of intraperitoneal injections of different doses C.
mas flavonoids on triglycerides concentration in the serum. The
results are expressed as mean * SD from eight animals. * p < 0.05
compared with control group.

There were no significant differences in the serum
glucose concentrations between the control and STZ group
(Fig. 2). Also, the comparison of the serum glucose levels
among the groups treated with different doses of C. mas
flavonoids fruit along with STZ showed that the glucose
concentration of the serum was significantly lower only in
animals receiving the dose of 10 mg kg™, in comparison to
control and STZ groups (F, = 6.659, p < 0.05).

Similarly, concentration of triglycerides of the serum
between the control and STZ groups did not differ
significantly. Intraperitoneal administration of different
doses of C. mas flavonoids reduced the triglyceride
concentration of the serum. The triglyceride concentration
in blood of animals receiving a dose of 10 mg kg™ was
significantly lower in comparison to control and STZ
groups (F,  =3.775,p < 0.05) (Fig. 3).

Administration of different doses of C. mas flavo-
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Fig. 2. The effect of intraperitoneal injections of different doses
C. mas flavonoids on glucose concentration in the serum. The
results are expressed as mean * SD from eight animals. * p < 0.05
compared with control group.
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Fig. 4. The effect of intraperitoneal injections of different doses
C. mas flavonoids on LDL concentration in the serum. The results
were expressed as mean + SD from eight animals.

Saline (ml’kg)

Serum HDL Concertration (mgfdlL)
&

1ttt et e T Nt e NN

Control STZ
Saline (mlVkg)i.p

Flavonoids C. mas L. (mg/kg)i.p

Fig. 5. The effect of intraperitoneal injections of different doses
C. mas flavonoids on HDL concentration in the serum. The
results are expressed as mean + SD from eight animals. ** p <0.01
compared with control group.
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Table 1. Comparison of mean =+ standard errors of weight in grams during the weeks of treatment among a control group, STZ group,
and groups treated with C. mas flavonoids along with STZ. %, significant reduction in body weight of rats compared to the control and

the STZ groups (p < 0.05)

Treatment

1
Control 246.6 20.8
STZ 248.0 16.9
STZ + flavonoids 5 mg kg™ 250.6 18.9
STZ + flavonoids 10 mg kg™ 249.121.9
STZ + flavonoids 20 mg kg™ 230.8 9.6

noids did not result in a significant reduction in LDL
concentration of the serum in any of the group, as compared
to control and STZ groups (F, = 1.627, p > 0.05) (Fig. 4).
Similarly, no significant difference in the concentration
of HDL of the serum between control and STZ groups
was found. However, administration of different doses of
C. mas flavonoids caused increased HDL concentration
in the serum. The HDL concentration was significantly
higher in the group that received 10 mg kg™ of flavonoids,
in comparison to control and the STZ groups ([F(4, 16) =
4702, P < 0.01]) (Fig. 5).

Comparison of body weights of the groups treated with
STZ and different doses of fruit flavonoids with those of
STZ and control groups showed that the reduction of body
weight was significantly diverted by flavonoids only at the
dose of 10 mg kg™ (F5,44 =16.068, p < 0.05; Table 1).

Discussion

Based on the results obtained from this study, the
intraventricular injection of STZ (3 mg kg) at the
volume of 10 pL in each ventricle on the first and third
day after surgery caused loss of memory after 21 days.
Many previous studies confirm our findings (Mehla et al.
2013; Rai et al. 2013). Intracerebroventricular injection of
STZ at this dose led to significant defects in the memory
of the animals (Rai et al. 2013). It appears that this drug
can lead to insulin resistance in brain cells which reduces
the expression of insulin and therefore increases glucose
concentration in the brain, and reduces the energy available
to the cells (Roghani et al. 2007). It was recently shown that
intraventricular injection of STZ in rats, by increasing
glucose in the brain, is able to increase conversion of
amyloid precursor protein to f-amyloid and intensifies the
inflammatory process. This combination reduces insulin
expression in the hippocampus and cerebral cortex (Chu,
Qian 2005) and also causes a reduction in protein kinase C
activity and oxidative stress and increases the production
of reactive oxygen species and reactive nitrogen species,
and the ratio of Bax/Bcl2 in the hippocampus (Kundurovic
etal.2009). In such circumstances, the amount of caspase-3
in the cerebral cortex and hippocampus increases and the
neurons undergo apoptosis (Ejaz et al. 2013). Research also

Time (weeks)

2 3 4
267.819.8 286.6 20.0 298.219.0
255.134.3 313.56.8 293.518.2
233.9 36.2 230.7 32.7 211.028.3
242.4 20.5 231.111.2 210.3 22.1*
212.9 24.0 2146 17.4 280.3 16.6

suggests that beta-amyloid increases the production of free
radicals and lipid oxidation in BCL2 nerve cells, which
leads to cell death (Heo et al. 2004).

In the present study, treatment of STZ memory-
impaired animals with C. mas fruit flavonoids significantly
improved memory retention. Some reports have confirmed
the present findings (Gould et al. 1999). Flavonoids have a
potential to improve memory by protecting neurons against
damages caused by neurotoxins and cause inflammation of
the nervous system (Shors et al. 2002). These compounds
react with neural signaling cascades, which are important
in the brain, and lead to greater cell survival by apoptosis
inhibition and improving synaptic plasticity of the nervous
system (Drapeau et al. 2003). Flavonoids regulate the
transcription factors and affect the expression of genes
involved in cell survival in some particular areas in Denta
gyrus and CA3 regions of the hippocampus, by affecting
lipid kinase via the PI3/Akt and MAP kinase pathway;
they also create long-term potentiation by improving
neuronal connections (Gould et al. 1999; Shors et al. 2002).
Flavonoids also cause changes in cerebral blood flow,
leading to angiogenesis and neurogenesis, particularly in
the hippocampus, and morphology changes in the brain
(Jeremy 2007). Flavonoids play an important role in the up-
regulation of the brain-derived neurotrophic factor, which
is a protein that facilitates survival of nerve cells and plays a
key role in the growth, differentiation and evolution of cells
(Jeremy 2009).

Inthe presentstudy,which wasconductedinathree-week
period, it was observed that there was a significant decrease
in the concentration of serum glucose in rats treated with
10 mg kg™ of C. mas fruit flavonoids. Although research on
the effects of polyphenolic compounds on blood glucose
levels has produced conflicting results, several studies are
in agreement with these findings. The use of polyphenol
rutin significantly reduced fasting blood glucose and
glycosylated hemoglobin levels in diabetic rats after 45 days
(Kamalakkannan,Prince 2006). Administration of flavonoid
naringenin (10 mg kg™ ip.) for five weeks significantly
decreased plasma glucose concentration in rats (Fallahi et
al. 2012). Epigallocatechin-3 gallate, by down-regulation
of the expression of some enzymes, reduces blood glucose
levels (Ebrahimi-Mamaghani et al. 2009). Kaempferol
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prepared from mimosa leaves (200 mg kg™') reduces blood
sugar in alloxan-induced diabetic rats and causes a drop in
glucose concentration in healthy rats blood one hour after
oral administration (De Sousa et al. 2004). In other studies,
it has been noted that flavonoid aglycones promote uptake
of glucose by facilitating diffusion (Ruderman et al. 1998),
while glycosidic flavonoids inhibit glucose absorption via
active transport (Tanaka et al. 2002). Studies have shown
that flavonoids increase the amount of GLUT4 and insulin
receptors on the cell surface and increase glucose uptake by
cells. On the other hand, these compounds have an effect
on the small intestine and reduce the amount of GLUT2
glucose carriers. This causes a reduction of maltase enzyme
and also the uptake of glucose (Szkudelski, Szkudelski
2011). Antioxidant treatment increases the p-cell mass and
maintains insulin content and amount of mRNA (Kaneto
et al. 1999). Adiponectin modulates glucose and lipid
metabolism. Flavonoids improve adiponectin expression,
which improves insulin sensitivity via enhanced PPARy
function and down-regulated TNF-a and IL-6 (Wein et
al. 2010; Lei et al. 2011). PPARa has a major role in the
regulation of energy homeostasis, increases fatty acid
oxidation, stimulates heme synthesis and cholesterol
catabolism and attenuates inflammatory responses. PPARYy
variants are associated with insulin resistance and glucose
homeostasis and adipogenesis (Michalik et al. 2006).

According to the results of this study, treatment with
C. mas fruit flavonoids reduced the concentration of
triglycerides in serum but this response was significant
only at the dose of 10 mg kg™'. Other studies also confirm
our results. In a study on male adult rats suffering from
hyper-lipidemia, treatment with flavonoid-rich extract
significantly reduced the triglyserid levels (Zou, Lu 2005).
Use of hesperidin (1%) for 10 days in the diet of the rats
that had a diet rich in fat, created a significant decrease in
the triglyceride and LDL-cholesterol concentration and
significantly increased HDL concentration in plasma (Cha
etal.,2001; Zou, Lu 2005).

The present study showed that intraperitoneal injection
of C. mas fruit flavonoids for 21 days did not cause any
significant reduction in serum LDL concentration. However,
in most studies, flavonoid treatment has been found to
lower blood LDL. Intraperitoneal use of naringenin for two
weeks at a dose of 100 mg kg™ in mice leads to a significant
reduction in the particular types of fat, especially in the
LDL plasma (Huong et al. 2006). Using apple polyphenol-
containing capsules for 12 weeks significantly reduced total
cholesterol and LDL-cholesterol concentration in healthy
subjects (Nagasako-Akazome et al. 2007). Also, the use of
flavonoids (quercetin/catechin at ratio of 2:1) at a dose
of 8 g kg™! for four weeks caused a significant decrease in
the plasma LDL concentration (Nagasako-Akazome et al.
2007). Based on the results of this study, treatment with C.
mas fruit flavonoidsin increased serum HDL concentration
and this increase was significant at the dose of 10 mg kg™'.
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This is also in line with the findings of many previous
studies. Daily consumption of 250 mL of cranberry water,
which is rich in flavonoids, for four weeks was reported
to significantly increase HDL-C concentration (Ruel et
al. 2006). Use of flavonoids such as quercetin, morin,
naringenin and rutin was also found to increase HDL and
3-glycerolin concentrations in male rats suffering from
hyperlipidemia, which was due to the administration of
Triton (300 mg kg™') (Ruel et al. 2002).

It seems that flavonoids can interact with the synthesis
and secretion of lipoproteins rich in triglyceride in liver
cells (Wang et al. 2006). Oligomeric proanthocyanidins are
capable of inhibiting the activity of pancreatic lipase, which
can prevent the digestion of triglycerides (Liu et al. 2013).
These compounds can reduce the synthesis and secretion
of apolipoprotein B and inhibit cholesterol esterification
(Allister et al. 2005). Some flavonoids can reduce the
absorption of cholesterol by inhibiting the enzymes
involved in the biosynthesis of lipids (Burnett et al. 2011;
Bahadoran et al. 2013). Quercetin reduces the amount of
fat in mice liver. This effect is probably due to the reduction
of oxidative stress levels (Medjakovic et al. 2010). Flavonoid
compounds can also reduce the ApoB48 level and down-
regulate the production of atherogenic chylomicron from
intestinal cells and thereby lower plasma triglyceride levels
(Pal et al. 2005). The ineffectiveness of phenolic compounds
found in C. mas fruit in reducing LDL cholesterol is
probably due to different types of flavonoids, inadequate
levels of these compounds at the administrated doses or
the short period of the treatment relative to the previous
successful studies. Research has shown that effective doses
of flavonoids affect triglycerides and HDL more quickly
and easily than they affect LDL (Cha et al. 2001).

In the present study, the used flavonoids were able
to decrease rat weight, possibly by reduced digestion
and absorption of lipids in the diet, increased fatty acid
oxidation and decreased fatty acid synthesis in the liver
and degeneration of cells in adipose tissue. Researche has
shown that due to on unknown reasons, flavonoids have
a better antioxidant effect at lower dosages (Oliviera et al.
2002; Naderi et al. 2006).

Therefore, it seems that treatment with C. mas fruit
flavonoids can significantly prevent memory impairment
induced by injection of streptozotocin. The results also
demonstrated that C. mas fruit flavonoids at the dose of 10
mg kg can decrease the concentration of serum glucose,
triglyceride concentration and rat weight and increase the
concentration of serum HDL levels while they did not
induce any significant change in serum LDL concentration.
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