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AB S T RAC T
Introduction: Neurodegeneration change is one of the hallmark symptoms of
ZKLFK$O]KHLPHU¶VGLVHDVH $' FDQEHPRGHOHGE\ȕDP\ORLGLQMHFWLRQLQWR
specific regions of brain. (-)-Epigallocatechin-3-gallate (EGCG) is a potent
antioxidant agent that its role against oxidative stress and inflammation has
been shown in prior studies. In the present study, we have wanted to determine
ZKHWKHU(*&*DGPLQLVWUDWLRQSURWHFWVDJDLQVWȕDP\ORLGLQGXFHGFHOOGDPDJHV
in rats.
Methods: Animals (male Wistar rats) divided into four groups: sham operated
(SH), EGCG-pretreated sham operated (SH + EGCG), untreated lesion (L),
and EGCG-pretreated lesion (L + EGCG). Animals in L, L + EGCG, and
SH + EGCG groups received sterile saline or saline plus EGCG (10 mg/kg)
intraperitoneally one day pre-surgery and every other day for three weeks. The
lesion was induced one day after EGCG treatment by injection of water or water
FRQWDLQLQJ  QPROO RI ȕDP\ORLG   LQWR WKH KLSSRFDPSDO ILVVXUH :H
evaluated the morphological changes of hippocampus specially CA3 region by
nissl staining after three weeks of surgery.
Results: :H IRXQG WKDW ȕDP\ORLG   LQMHFWLRQ LQWR KLSSRFDPSXV FDXVHV
cell death of CA3 region in L group in comparison with SH group which also
occurs in the Alzheimer’s disease. On the other hand, treatment with EGCG can
improve the validity of these cells in hippocampus.
Discussion: We concluded that EGCG could be effective in protection against
pathogenesis of Alzheimer’s disease.

1. Introduction
lzheimer’s disease (AD) is the most common cause of dementia (1-2). The prevalence and incidence of AD have been
shown to increase with age. The typical
neuropathological changes in this degenerative disease were first described nearly
one hundred years ago (3) by Alois Alzheimer in 1906
(4-5). The two major microscopically lesions are amy-
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loid plaques and neurofibrillary tangles (NFT), which
are found significantly more in AD than normal aging
(6-7). Among several pathogenic mechanisms for AD,
it seems inflammation, genetic factors (8), and oxidative stress (5) has more important roles. In addition,
ȕDP\ORLG KDV EHHQ VKRZQ WR LQGXFH R[LGDWLYH VWUHVV
as well (7) through inducing the formation of unusually high concentration of oxygen and nitrogen-reactive
species and a depletion of endogenous antioxidants that
play a central role in damaging and killing neurons (5).

* Corresponding Author:
Dr. Homa Rassouli,
Department of Anatomy, School of Medicine, Iran University of Medical Sciences, Tehran
E-mail:

7

Neuronal degeneration and death in the neocortex and hippocampus are probably the causes of the impressive behavioral and functional deficits of patients with AD (9).
The hippocampal formation is thought to be the site
of initiation of Alzheimer’s pathology, and is widely
damaged in this disease (10). Although the search for
a treatment for AD has not been successful (11), antioxidants showed beneficial effects in patients with AD,
slowing the progression of disease (5). In this respect,
green tea contains many polyphenolic antioxidants
and (-)-epigallocatechin-3-gallate (EGCG) is the most
powerful antioxidant responsible for anti-inflammation,
neuroprotection and cancer chemoprevention (12), antiangiogenic properties (13) and is a free radical scavenging substance (14-15).
Therefore, the present study was conducted to evaluate
the histological effect of EGCG on neuronal protection
in an experimental model of Alzheimer’s disease in rat.

2. Methods
2.1. Materials
ȕDP\ORLG SURWHLQ IUDJPHQW   DQG  (SLJDOORcatechin-3-gallate (EGCG) were purchased from Sigma
&R 86$ 7KHȕDP\ORLG  ZDVGLVVROYHGLQGHionized water at a concentration of 2 nmol/μl and then
liquated and stored at – 70 °C before use. EGCG was
dissolved in sterile normal saline immediately prior to
use at final concentration of 5 mg/ml.
2.2. Animals
In this study, male Wistar rats weighing 240-300 g
(Pasteur’s institute, Tehran) were used. These animals
were housed in laboratory cages and maintained on a
12-h light-dark cycle with free access to food and water
throughout the study.
2.3. Experimental Procedure
The animals (n =16) were randomly divided into four
groups, i.e., sham-operated (SH), EGCG-pretreated shamoperated (SH + EGCG), lesion (L), and EGCG-pretreated
lesion (L + EGCG). In this respect, SH group received
normal saline intraperitoneally and 4 μl of water into the
hippocampal fissure. In addition, SH + EGCG group also
received 10 mg/kg of EGCG one day pre-surgery and
continued every other day for 3 weeks. L group received
normal saline intraperitoneally and intrahippocampal inMHFWLRQRIȕDP\ORLGSURWHLQIUDJPHQWV  DQGZDWHU
as the vehicle. Meanwhile, L + EGCG group also received
EGCG like SH + EGCG group.
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Animals were anesthetized by intraperitoneal application of xylazine (20 mg/kg) and ketamine (100 mg/kg) and
placed in a stereotaxic apparatus (Stoelting Co.). Unilateral
lesion of the hippocampus (left side) was made by an injecWLRQRIORIZDWHURUZDWHUFRQWDLQLQJȕDP\ORLGSURWHLQ
fragment (1-40) delivered by a 5 μl Hamilton syringe at
the level of the hippocampal fissure at the stereotaxic coordinates used on the Paxinous and Watson atlas (1986):
antero-posterior, -3.8 mm; lateral, 2 mm from bregma, and
-3.5 mm ventral from skull surface with the incisor bar set
at -3.3 mm. Injection was made during a 5-min period and
then remained in place for 5 min before being slowly withdrawn. During the surgery, we tried to keep the animals’
body temperature by using a warm cloth on it. After finishing the surgery, we put the animals singly in the warm
place and single cage to awake and after inhalation of their
scar they were placed in cages with 2-3 animals. Then, we
perfused them after three weeks of treatment through the
DVFHQGLQJDRUWDDQGZLWKEXIIHUHGSDUDIRUPDOGHK\GH
following the normal saline passing the vessels.
We have studied the paraffin slides coronal sections of
WKHEUDLQZLWKȝPWKLFNQHVVZKLFKZHUHVWDLQHGE\
Nissl (Cresyl violet acetate) staining. In this project, we
evaluated the number of CA3 pyramidal cells, density
of glial cells, and density of microvessels in CA3 region
of hippocampus (of left side) in the two coronal sections
related to the bregma: -3.6 and -4.1. Then we consider
the mean of each measurement in three slides for each
of both coronal sections.
2.4. Number of CA3 Pyramidal Cells
We counted these cells due to the mediolateral direction in the medial one third of CA3 region that is enclosed by two blades of dentate gyrus. We consider only
the neurons with clear nucleus and sharp nucleolus.
2.5. Density of Neuroglial Cells in CA3 Region
For this purpose, we selected the lateral one third of
the medial part of CA3 region and counted the glial cells
in the surface equal to 40 μm2. This measurement in
each sample, was done in two coronal sections (-3.6 and
-4.1 from bregma) and in three slides for each section.
Then the mean of these measurements was graded in
20s numbers (from 10s-90s) and scaled from 1 to 4.
2.6. Density of Microvessels in CA3 Region
In this study, we selected the lateral one third of the
medial part of CA3 region too and counted the microvessels in the surface equal to 160 μm2. This measurement in each sample, was done in two coronal sections
(-3.6 and -4.1 from bregma) and in three slides for each
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section. Then the mean of these measurements was
analyzed. We considered only the vessels which have
GLDPHWHUEHORZȝP
2.7. Statistical Analysis
All results were expressed as mean ± SEM. The statistical test of Kruskal- wallis was used for comparison
between all groups and Mann-whitney Test for each
two groups. In all calculations, a difference at p<0.05
was regarded as significant.

3. Results
All experimental animals well tolerated surgical operation with no mortality until the end of the study. Since
differences for the results of behavioral tests were not
statistically significant for SH and SH + EGCG groups,
therefore, the results of these two groups are presented
as SH group only.
3.1. General features
There was seen a various shape of cell damages and
increase of glial cells in the left side (that we injected
beta amyloid or water) of slides in all groups as compared to the right side (intact side) due to the direction
of injection site specially in the CA1 and outer blade of
dentate gyrus, as it has shown in Figure 1. In addition,
we could find some aggregation materials in the slides
of L group.
3.2. Number of CA3 Pyramidal Cells
As it is shown in Figures 2, 3, and 4, we found that
there is a significant decrease in the number of CA3
cells in L group as compared to SH and L+EGCG
groups in both sections.
3.3. Number of CA3 Pyramidal cells in the section of -3.6 from bregma
As Figure 3 shows, the mean number of CA3 neurons
in this section for SH, L, and L + EGCG groups were
126.7, 56.1 and 116.7 respectively. However, mean of
cell numbers between all groups showed a significant
difference (p<0.005). There was also a significant decrease in this parameter in L group in comparison with
SH group (p<0.005) and there was a difference between
groups (L and L + EGCG groups) with a significant difference (p<0.01). Furthermore, there was no significant
difference between SH and L + EGCG groups. On the
other hand, mean of cell numbers in L group shows almost 56 percent in comparison with SH group and 52
percent with L+EGCG group.

3.4. Number of CA3 pyramidal Cells in the Section of -4.1 from Bregma
The mean number of CA3 neurons in this section for
SH, L, and L + EGCG groups were 119.7, 58, and 107.7
respectively. However, as Figure 4 shows, mean of cell
numbers between all groups showed a significant difference (p<0.01). There was also a significant decrease in
this parameter in L group in comparison with SH group
(p<0.01) and there was a difference between groups (L
and L + EGCG groups) with a significant difference
(p<0.01). Furthermore, there was no significant difference between SH and L + EGCG groups. On the other
hand, mean of CA3 cells number in L group shows almost 52 percent in comparison with SH group and 45
percent with L+EGCG group.
3.5. Graded Density of Neuroglial Cells in CA3
Region
As it is shown in Table 1, we found that there is a significant deference between all groups in the mean of
graded density of glial cells only in the section of -4.1
from bregma (p<0.05). Also there was a significant increase in the mean of graded density of glial cells in L
group as compared to the SH group (p<0.05). Although,
there was considerable decrease in the mean of graded
density of glial cells in L+EGCG group as compared to
L group, but there was no significant deference between
two groups. Furthermore, there was no significant difference between SH and L + EGCG groups. On the other hand, mean of graded density of glial cells in L group
is almost 59 percent in comparison with SH group and
52 percent with L+EGCG
group. Because, we have seen some differences between results in two sections, we evaluated the mean of
this parameter in both sections for each animal again.
However,
the mean number of this parameter in SH, L, and L
+ EGCG groups were 1.4, 2.3 and 1.3 respectively. As
Figure 5 shows, there was no significant deference between all groups. On the other hand, the mean of graded
density of glial cells in L group shows almost 46 percent
increase in comparison with L+EGCG group.
3.6. Density of Microvessels in CA3 Region
As it is shown in Table 1, we found that although there
is considerable decrease between both groups of L and
L+EGCG comparison with SH group in the mean of
density of microvessels in the section of -3.6
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from bregma, there is only a significant deference between all groups for the mean of density of microvessels
in the section of -4.1 from bregma (p<0.05),. Also there
was not a complete significant decrease in the mean of
density of microvessels in L group as compared to the
SH group (p=0.05). There was a significant decrease in
the mean of density of microvessels in L+EGCG group
as compared to SH group, but there was no significant
deference between two main groups (L and L+EGCG).
Because we have seen some differences between results in two sections, we evaluated the mean of this parameter in both sections for each animal again. However, the mean number of this parameter in SH, L, and L
+ EGCG groups were 23.9, 15.8 and 15.2 respectively.
As Figure 6 shows, there was a significant deference
between all groups (p<0.05). There was a significant
differences not only between SH group and L group
(p<0.05) but also between SH group and L+EGCG
group (P<0.05). On the other hand, the mean of density of microvessels in CA3 region in SH group shows
almost 34 percent increase in comparison with L group
and 36 percent in comparison with L+EGCG group.

4. Discussion
The AD model as used in this research study showed
WKDW LQWUDKLSSRFDPSDO LQMHFWLRQ RI ȝO RI ȕDP\ORLG
QPROȝO FRXOGLQGXFHWR[LFDQGQHXURGHJHQHUDWLYH
changes in CA3 region of hippocampus, which were

Figure 1.7KHVLWHRI$ǃLQMHFWLRQLQKLSSRFDPSXVLQOHVLRQ
JURXS&$ &$ ÀHOGVRIKLSSRFDPSXVGJ GHQWDWH
gyrus. Arrow heads show the site of injection. X100.

Table 1. Density of glial cells and microvessels in CA3 region of hippocampus
SH

L

L + EGCG

SEM ± mean

SEM ± mean

SEM ± mean

Geraded Density of Glial Cells in CA3 (-3.6)

1.4 ± 0.2

2.3 ± 0.6

1.3 ± 0.3

Geraded Density of Glial Cells in CA3 (-4.1)

1.1 ± 0.1

*2.7 ± 0.5

1.3 ± 0.3

Density of Microvessels in CA3 (-3.6) (Number)

23.8 ± 4.8

15.22 ± 1.6

15.17 ± 1

Density of Microvessels in CA3 (-4.1) (Number)

24 ± 3.4

16.3 ± 2.2

*15.3 ± 1

Groups
Measureent

evaluated by measuring the number of CA3 pyramidal
cells, graded density of glial cells and density of microvessels in the same region. Measuring the number
of CA3 pyramidal cells showed that L group had a decrease in mean number comparison with SH group. In
addition, density of microvessels in L group showed
decrease in comparison with SH group. Although, it
has been shown that there are considerable increase in
the graded density of glial cells in L group compared
to other both groups, but there was not any significant
change in this parameter between groups, may be due to
the dose or duration of EGCG pretreatment.
In Alzheimer’s disease (AD), the free radicals that
have been incriminated as causing neuronal degeneration are believed to be generated by beta-amyloid and/
or activated microglia. Neuronal damage may be attributed to oxidative processes initiated by amyloid-derived
10

IUHHUDGLFDOVVSHFLHV  $FWXDOO\ȕDP\ORLGQHXURWR[LFity has been reported to be mediated by free radicals and attenuated by antioxidants and free radical scavengers (17).
,QDGGLWLRQȕDP\ORLGLQMHFWLRQLQWRKLSSRFDPSXVVKRZHG
learning impairment and hippocampal neurodegeneration
(18). In present study, also it has shown that intraperitoneal
injection of 10 mg/kg of EGCG administered a day before
surgery and continued every other day for three weeks
may prevent the neurodegenerative changes of CA3 cells
of hippocampus against the beta amyloid induce degenerative changes in the animal models of AD.
The mechanism of action of EGCG is still unclear (19).
EGCG have phenol rings that act as electron traps to scavenge peroxy radicals, superoxide anions, and hydroxyl
radicals and prevent oxidation of iron. Therefore, it seems
that in addition to the reduction of iNOS expression, these
compounds may block peroxynitrite and nitrite production
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Figure 3. The number of CA3 neurons in- 3.6 coronal section from bregma. *P<0.005 as compared to the SH group
and # P<0.01 in compared to the L group.

Figure 4. The number of CA3 neurons in- 4.1 coronal section from bregma. * P<0.01 as compared to the SH group
and # P<0.01 in compared to the L group.

Figure 2. A,B and C show CA3 region of hippocampus in
groups of study. Stars show the glial cells. Wight arrows
show the microvessels and black. arrows show the pyramidal CA3 cells. Notice to the decreased CA3 neurons in L
group in part B. X 400.

through inhibition of oxidative reactions (20). In addition,
EGCG may act as an antioxidant and anti-inflammatory
DJHQW  DJDLQVWȕDP\ORLGDJJUHJDWLRQLQKLSSRFDPSXV
and in this way EGCG may have a neuroprotective effect.
$FWXDOO\ȕDP\ORLGQHXURWR[LFLW\KDVEHHQUHSRUWHGWREH
mediated by free radicals and attenuated by antioxidants
and free radical scavengers (17). EGCG has been shown
to prevent Aɴ Lҟ QGXFHG KLSSRFDPSDO QHXURQDO FHOO GHDWK
in cultured hippocampal neurons through its antioxidant
property (21). Intraperitoneal injection of EGCG in mutant APP (Amyloid Precursor Protein) mice daily for 2
PRQWKVLQGLFDWHGWKHUHGXFHGWRWDO$ȕOHYHOV  
In conclusion, the present results show two important
issues. First, unilateral intrahippocampal injection of 2
nmol/μl ßA (1-40) induce neurodegenerative changes in

Figure 5. Graded gensity of glial cells in CA3 region of hipSRFDPSXV7KHUHZDVQRVLJQLÀFDQWGLIIHUHQFHVVWXG\

Figure 6. Density of microvessels in CA3 region of hippocampus. * P<0.05 in compared to the SH group.
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CA3 region in hippocampus in rats and second, intraperitoneal injection of 10 mg/kg EGCG one day prior surgery and continued every other day for three weeks may
prevent the neurodegenerative changes significantly in
the animal models of AD. However EGCG couldn’t
prevent from decrease of microvessels. We believe that
further histological studies will be required to find the
real therapeutic role and most effective dose of EGCG.
In summary, we conclude that EGCG could be effective
in protection against pathogenesis of Alzheimer’s disease.
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