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Abstract 
 
Oxidative stress and mitochondrial dysfunction are the main suggested mechanisms for neurodegenerative 
diseases. In this study, we have evaluated the effects of epicatechin (EC) on mitochondrial damage induced 
by homocycteine (Hcy) using isolated rat hippocampus mitochondria in vivo. EC (50 mg/kg) was gavaged 
daily for a period of 10 days, starting 5 days prior to Hcy (0.5 μmol/μL) intra hippocampus injection in rats. 
Mitochondria were isolated from brain by different centrifuge techniques. Mitochondrial function was 
assayed by MTT test. Also, mitochondrial swelling and oxidative stress markers, such as reactive oxygen 
species (ROS), lipid peroxidation and glutathione (GSH), were assayed. Hcy induced mitochondrial 
dysfunction and swelling. Increase in ROS formation, lipid peroxidation, and decreased GSH were observed 
after Hcy treatment in isolated brain mitochondria. Furthermore, oral administration of EC significantly 
decreased the lipid peroxidation and ROS levels and also increased GSH levels. Also, EC treatment 
significantly improved mitochondrial function. As EC indicated protective effects against oxidative stress 
and mitochondrial damage induced by Hcy, it is suggested for further trials for prevention or treatments of 
neurodegenerative disorders such as Alzheimer disease. 
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INTRODUCTION 

 
Neurodegenerative diseases include a 

functional loss or sensory dysfunction of nerve 
cells from brain or spinal cord. The most 
important pathological causes for aging                
and neurodegenerative diseases such as 
Alzheimer’s disease (AD), are mitochondrial 
dysfunctions, which may show, at first, 
excitotoxicity changes and, finally, apoptosis 
(1). Generally, the disturbance of equilibrium 
between pro-oxidant/antioxidant homeostasis 
leads to oxidative stress that could further 
produce reactive oxygen species (ROS) in 
neuronal cells (2). Moreover, it is known that 
brain has a high rate of oxidative metabolic 
activity, high contents of polyunsaturated fatty 
acid, and low antioxidant capacity, which 
makes it very susceptible to oxidative damage 

(3,4). According to many studies, it has been 
suggested that mitochondrial damage may play 
an important role in the pathogenesis of AD (5) 
and several studies have shown that various 
xenobiotics would increase the risk of AD via 
mitochondrial dysfunction or oxidative damage 
(6,8). Therefore, mitochondrial protection, and 
the subsequent reduction of oxidative damage, 
can be considered as a therapeutic strategy for 
the treatment of AD (5,7-9). Homocysteine 
(Hcy) is a sulfur containing amino acid 
derived from the metabolism of methionine 
that has a known role in the elevation of risk 
factor for the generation of oxidative stress 
and development of various neurodegenerative 
diseases, such as AD or Parkinson (10).  
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Tea is a common beverage after water used 
around the world. This herb contains more 
than 4000 chemicals which can affect human 
body in terms of different biological aspects. 
The components of tea have anti-oxidant, anti-
mutagenic and anti-carcinogenic effect, which 
can protect the human against cancer (11). 
Furthermore, many healthful effects of tea are 
due to its source for polyphenols constituents, 
especially flavonoids, which constitute about 
30% of the dry leaves (11). In addition, green 
tea has protective effects against neurological 
diseases, such as Parkinson, Alzheimer, and 
ischemic damages; it has also shown an        
anti-diabetic effect in insulin resistant animal 
models. As for other qualities of green tea, 
antibacterial, anti-HIV, and anti-aging effects, 
can be noted (12). The anti-oxidant effect of 
green tea is due to the ability of its polyphenol 
cathechine components to scavenge ROS, such 
as hydroxy phenol groups, on the B-ring of 
non-galolite of epicatechin (EC) and 
epigallocatechin (EGC) and B-ring and D-ring of 
galolite of epicatechin 3-gallate (ECG) and 
epigallocatechin gallate (EGCG). The presence 
of 3,4,5 tri-hydroxy B-ring is important for 
antioxidant and radical scavanging properties of 
cathechines (12). Cathechines in green tea have 
more antioxidant effect than vitamin C and E 
(12). In addition to anti-oxidant effects, 
cathechines in green tea have some effects on 
molecular and cellular targets in signaling 
pathways associated with apoptosis or cell 
viability. These effects have been 
demonstrated both in epithelial tumors and in 
neuron cells (12). Also, some studies on mice 
have shown that EC, through activating 
nuclear factor erythroid 2 (Nrf2) and                
hem-oxigenase, can reduce the risks of 
ischemic heart diseases (12). 

Recently, some studies have focused on the 
potential of neuroprotective effects and 
antioxidant properties of flavonoids against the 
neuronal deficits associated with aging or age-
related neurodegenerative diseases (13). 
Flavanols, such as (-)-EC, represent a major 
class of flavonoids commonly present in some 
plants, such as Camellia sinensis (green tea) 
(14). Moreover, studies on rats using EC 
extracts demonstrated some positive effects 
against oxidative stress, cognitive function, 
and memory performance (13). Furthermore, it 

has been proved that EC and EGCG were 
more potent than catechin. Due to its simpler 
structure and more efficient blood–brain 
barrier penetration properties, EC might              
be the best therapeutic candidate for 
neurodegenerative diseases (15). According to 
these backgrounds and as there have not been 
precise studies to show protective effect of            
EC against mitochondrial damages induced by 
Hcy, this study aimed to better clarify the role 
of EC against oxidative stress induced by            
Hcy (as a neurodegenerative model) in 
mitochondria of hippocampus of rats in vivo. 
 

MATERIALS AND METHODS 
 

Animals 
Adult male Wistar rats (n = 24) weighing 

180-220 g (at the time of surgery) were 
obtained from animal house of Mazandaran 
University of Medical Science (Sari, Iran). The 
animals were housed at 22 °C in a controlled 
environment with a 12:12-h light/dark cycle 
and had free access to standard laboratory food 
and water. All experiments were carried out in 
accordance with the National Institute of 
Health Guide for the Care and Use of 
Laboratory Animals and were approved by the 
Research and Ethics Committee of 
Mazandaran University of Medical Science, 
Iran. (Registration number: 1041). 

 
Materials 

(-)-Epicatechin and D-L-homocysteine were 
purchased from Sigma Chemical Co. (Sigma-
Aldrich, Germany). Ketamine and xylazine were 
obtained from ALFASAN Co, Netherlands. 

 
Animal grouping 

Twenty-four rats were randomly divided 
into four groups of 6 each. 1) Control group: 
did not receive any injection or gavage; 2) 
vehicle (sham) group given only the vehicle, 
phosphate buffered saline (PBS) and normal 
saline; 3) Hcy alone, and 4) EC with Hcy. 

 
Surgery 

Animals were anesthetized with ketamin-
xylosin (10 mg/kg i.p.) and placed into a 
stereotaxic frame (Stoelting Co. Wood Dale, 
IL). The sterotaxic coordinated to produce a 
bilateral lesion in the CA1 region of the 
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hippocampus (-4.2 mm posterior to bregma, ± 
3.0 mm lateral to bregma, and 2.9 mm ventral 
to the dura) were standardized based on the 
stereotaxic atlas of Paxinos and Watson (16). 
After a sagittal incision, the bregma suture was 
located and holes were drilled with an 
electrical drill. Injections of Hcy or vehicle         
(1 μL) were carried out in the left and right 
dorsal hippocampus at a rate of 1 μL per 2 min. 
The cannula was left in situ for a further 5 min 
following Hcy injection in order to allow for a 
passive diffusion from the cannula tip and also 
to minimize the spread into the injection tract. 
After the surgery, the animals were returned to 
their cages and monitored constantly during 
the recovery process. 
 
Drugs preparation and administration  

Hcy powder was dissolved in hydrochloric 
acid (1 M) and diluted with PBS as the vehicle. 
The PH of the solution was adjusted at 7.4 by the 
addition of NaOH, 0.1 N. Hcy solution                   
was prepared freshly at a concentration of                  
0.5 M. 1 μL of Hcy (0.5 μmol/μL) was injected 
through cannula in the left and right dorsal 
hippocampus at a rate of 1 μL per 2 min, once a 
day. A Hamilton syringe with a cannula of   
0.3 mm diameter was used to inject Hcy or its 
vehicle (PBS). Powder of EC was dissolved in 
normal saline (as vehicle), which was prepared 
freshly. EC dose (50 mg/kg), was used 
according to earlier reports about its 
antioxidant effects (13). EC (50 mg/kg) was 
gavaged once a day for a period of 10 days, 
starting 5 days prior to Hcy injection. Also, 
Hcy was injected one h after the oral gavage of 
EC. On the other hand, 0.5 mL normal saline 
was gavaged for a period of 10 days (starting  
5 days prior to PBS injection), and PBS             
(0.5 M) was injected (1 μL) through a cannula 
in the left and right areas of dorsal 
hippocampus at a rate of 1 μL per 2 min for 
one day (one h after normal saline gavage, on 
the fifth day) (10). To confirm the correct 
direction of drug injection into hyppocampus 
(CA1 area), we used metylen blue dye, 05 µL 
injection into hippocampus area of rat. 
 
Brain sample collection and mitochondrial 
preparation 

Twenty four h after the last treatment, 
animals were decapitated and the whole brain 

tissues were rinsed, minced and homogenized 
in manitol buffer (sucrose 6.4 g, manitol  
11.64 g, EDTA 0.009 g) with a glass handheld 
homogenizer. The nuclei and broken cell 
debris were precipitated by centrifugation at 
1500 × g for 10 min at 4 °C and the pellet was 
discarded. The supernatant was centrifuged 
further at 10,000 × g for 10 min and the top 
layer was carefully discarded. The 
mitochondrial pellet was washed by gently 
suspending in the isolation medium and 
centrifuged again at 10,000 × g for 10 min. 
Then, samples were suspended in 200 μL Tris 
buffer (containing 0.05 M Tris–HCl, 0.25 M 
sucrose, 20 mM KCl, 2.0 mM MgCl2, and         
1.0 mM Na2HPO4, pH of 7.4 at 4 °C) except for 
ROS assay, which were suspended in respiration 
buffer (0.32 mM sucrose, 10 mMTris, 20 mM 
Mops, 50 μM EDTA, 0.5 mM MgCl2, 0.1 mM 
KH2PO4 and 5 mM sodium succinate). Finally, 
samples were frozen in a freezer (- 20 °C) until 
use. Also, protein concentrations were 
determined through the coomassie blue protein-
binding method as explained by Bradford (16). 
 
Lipid peroxidation assay 

The content of malonyldialdehyde (MDA) 
was determined based on the method of Shaki, 
et al. (16) using thiobarbituric acid as the 
indicator by reading the absorbance at 532 nm 
with an ELISA reader. Tetramethoxy propane  
was used as the standard and MDA content 
was expressed as nmol/mg protein (16). 
 
GSH content assay 

GSH content was determined using 5,5’-
dithio-bis (2-nitrobenzoic acid) (DTNB) as the 
indicator by reading the absorbance at 412 nm 
on a spectrophotometer (UV-1601PC, Shimadzu, 
Japan). The values were obtained by the 
interpolation of data with the standard curve of 
GSH and were expressed as μg/mg protein (17). 
 
ROS assay 

ROS were evaluated using dichloro-
dihydro-fluorescein diacetate (DCFH-DA) and 
the results showed fluorescence intensity (18). 
 
Mitochondrial function using MTT assay 

The activity of mitochondria was                  
assayed by measuring the reduction                  
of 3-[4,5-dimethylthiazol-2-yl]-2,5- diphenyl 
tetrazolium bromide (19). 
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Mitochondrial swelling assay 
The analysis of mitochondrial swelling after 

the isolated mitochondria (0.5 mg protein/mL) 
was estimated through changes in light 
scattering as monitored spectrophotometrically 
at 540 nm at 30 °C. A decrease in absorbance 
indicates an increase in mitochondrial swelling 
(19). 

 
Statistical analysis 

Results were expressed as mean ± SD. 
Comparisons between means were analyzed 
by one-way ANOVA and Tukey test. A value 
of P < 0.05 was considered statistically 
significant. 
 

RESULTS 
 

The effect of epicatechin on mitochondrial 
lipid peroxidation (MDA)  

It was found that the injection of Hcy 
caused a significant increase in the levels of 
MDA compared with control and vehicle 
groups (P < 0.001). Moreover, EC treatment 
significantly decreased Hcy induced lipid 
peroxidation (P < 0.01) (Fig. 1).  
 
The effect of epicatechin on GSH content 

Injection of Hcy caused a significant 
decrease in GSH levels compared with vehicle 

or control groups (P < 0.01) (Fig. 2). In 
addition, EC treatment significantly increased 
the levels of GSH content compared with Hcy 
group (P < 0.05) (Fig. 2). 
 
The effect of epicatechin on ROS 

Injection of Hcy caused a significant 
increase in the levels of ROS compared with 
control and vehicle groups (P < 0.01) (Fig. 3). 
Moreover, EC treatment significantly 
decreased the ROS levels induced by Hcy          
(P < 0.001) (Fig. 3). 
 
The effect of epicatechin on mitochondrial 
function  

It was found that the injection of Hcy 
caused a significant decrease in the MTT 
absorption compared with control and vehicle 
groups (P < 0.01). Moreover, EC treatment 
significantly inhibited Hcy-induced 
mitochondrial dysfunction (P < 0.05) (Fig. 4). 

 
The effect of epicatechin on mitochondrial 
swelling  

It was found that the injection of Hcy 
caused a significant increase in the 
mitochondrial swelling compared with control 
and vehicle groups (P < 0.01). Moreover, EC 
treatment significantly inhibited Hcy-induced 
mitochondrial swelling (P < 0.05) (Fig. 5). 

 

 

Fig. 1. Effect of epicatechin (50 mg/kg) on 
mitochondrial lipid peroxidation induced by 
homocycteine. Values are prepresented as mean ± SD  
(n = 6). ***P < 0.001 compared with control                    
and vehicle groups. ##P < 0.01 compared with 
homocycteine group. (Hcy) homocysteine, (EC) 
epicatechin. 
 

 

 

Fig. 2. Effect of epicatechin (50 mg/kg) on 
mitochondrial glutathione oxidation induced by 
homocycteine. Values are prepresented as mean ± SD  
(n = 6). **P < 0.01, compared with control and vehicle 
groups. #P < 0.05 compared with homocycteine group. 
(Hcy) homocysteine, (EC) epicatechin. 
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Fig. 3. Effect of epicatechin (50 mg/kg) on 
mitochondrial ROS formation induced by 
homocycteine. Values are prepresented as mean ± SD  
(n = 6). **P < 0.01 compared with control and vehicle 
groups. ###P < 0.001 compared with homocysteine 
group. (Hcy) homocysteine, (EC) epicatechin. 

 

Fig. 4. Effect of epicatechin (50 mg/kg) on 
mitochondrial dysfunction induced by homocycteine. 
Values are prepresented as mean ± SD (n = 6).              
**P < 0.01 compared with control and vehicle groups. 
#P < 0.05 compared with homocysteine group. (Hcy) 
homocysteine, (EC) epicatechin. 

 

 
Fig. 5. Effect of epicatechin (50 mg/kg) on 
mitochondrial swelling induced by homocycteine. 
Values are prepresented as mean ± SD (n = 6).             
**P < 0.01 compared with control and vehicle groups. 
#P < 0.05 compared with homocysteine group. (Hcy) 
homocysteine, (EC) epicatechin. 

 

 

Fig. 6. Rat brain after metylene blue (0.5 µL) injection 
into hippocampus CA1 area.  
 
 
 
 

Confirming the correct direction of drug 
injection into hyppocampus  

After cross sectioning of rat brain, injection 
(metylen blue dye) into hippocampus area of 
rat (CA1 area), was confirmed (Fig. 6). 
 
Histological findings 

For histopathological studies of drug 
effects, hippocampal areas of animals were 
removed and after section preparation and 
staining with Hematoxyline and Eosine, the 
slides have been observed with a light 
microscope with a magnificence of 10× and 

40×, and the histological differences between 
control and Hcy and Ec + Hcy have been 
assayed. In Control group, normal stratified 
layers of cells showing smooth and normal 
nuclear borders (Fig. 7A). 

In Hcy group, necrotic pyramidal cells were 
characterized by piknotic hyperchromatic 
nuclei and irregular nuclear borders, which 
would explain histological disturbances           
(Fig. 7B), but after treatment with EC, 
granular cells with distinct increased cell 
borders were observed showing tissue 
improvement process (Fig. 7C).  
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Fig. 7. Rat hippocampal sections stained with Hematoxylin and Eosin observed optically (× 10 & × 40). (A) Control 
group, normal stratified layers of cells showing smooth and nuclear borders; (B) homocysteine group, necrotic 
pyramidal cells characterized by piknotic hyperchromatic nuclei and irregular nuclear borders; (C) epicatechin + 
homocysteine group, signs of repair characterized by layers of granular cells with distinct cell borders.  

 
DISCUSSION 

 
Mitochondria are considered as the major 

source of ATP via oxidative phosphorylation 
(OXPHOS) in the most mammalian cell types, 
and also main organelles involved in the 
development of oxidative damage as well as 
apoptosis in various cell types (20). There are 
strong evidences that mitochondrial 
abnormality occurs in an early stage of 
oxidative damage and has a main role in the 
pathogenesis of many neurodegenerative 
diseases including AD, Parkinson's disease, 
amyotrophic lateral sclerosis, and Huntington's 
disease (21,22).  

In fact, CNS functions critically depend on 
normal mitochondrial function, since brain is a 
high-energy demand tissue with high 
mitochondria content. On the other hand, the 
low level of antioxidant system and high 
content of poly-unsaturated fatty acid (PUFA) 
in brain tissue make it more susceptible to 
oxidative damage. It has been shown that both 
mutations in mitochondrial DNA (mtDNA), 
and important environmental factors such as 
free radicals may contribute to the energy 
failure in mitochondria and promote the 
genesis and amplification of ROS, which 
could lead to neurodegenerative diseases 
(22,23).  

Hcy could modulate death via apoptosis or 
necrosis and might be used as a model for 
neurodegenerative animal studies (24). 
Previous studies have shown that Hcy 

promoted mitochondrial damage, induced 
oxidative stress and subsequent toxic effects, 
such as neurotoxicity and atherosclerosis              
(7-10). According to previous studies (7-10), 
the injection of 1 μL of Hcy (0.5 μmol/μL) in 
the left and right dorsal hippocampus made 
neurotoxic effect in rats and the present study 
has aimed to assay the effects of EC against 
Hcy-induced mitochondrial dysfunction using 
isolated rat hippocampus mitochondria in vivo. 

The induction of mitochondrial dysfunction 
by Hcy was determined by MTT assay, which 
is an indicator of the activity of succinate 
dehydrogenase (a mitochondrial enzyme). As 
shown in the results section, Hcy increased 
mitochondrial dysfunction in isolated rat 
hippocampus mitochondria. On the other hand, 
any disturbance in mitochondrial electron 
transfer chain would lead to OXPHOS failure 
and subsequently increase ROS production 
and oxidative stress. 

We found that Hcy increased ROS 
formation and induced oxidative stress, which 
is shown by an increased lipid peroxidation 
and decreased GSH content (as the main 
antioxidant in mitochondria). Oxidative damage 
to mitochondria could lead to the peroxidation  
of membrane lipid and mitochondrial membrane 
injury. Mitochondrial membrane damage             
could result in a lack of selective permeability  
of membrane, which was shown by 
mitochondrial swelling. As demonstrated                  
in the results section, Hcy increased 
mitochondrial swelling (25). 
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The use of molecules with antioxidant 
ability in experimental models has largely 
contributed to the understanding of the 
mechanisms involved in the selective damage 
induced by different neurotoxins. Various 
studies have used flavonoids as the protective 
agent in several models of neurotoxicity, such 
as those produced by 6-hydroxydopamine,     
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine, 
amyloid-beta peptides and Hcy. It has been 
proposed that these molecules are able to exert 
neuroprotective actions through their 
antioxidant activity (8). 

EC is a flavonoid mostly found in green 
and black tea extract (26,27). It has been 
demonstrated that the bioavailability of EC is 
greater than that of the catechin in rat (28). 
Also, flavonoids are able to transverse the 
blood-brain-barrier after oral ingestion (29). 

In this study, we have shown that the oral 
administration of EC at 50 mg/kg for a period 
of 10 days significantly decreased the level              
of ROS in isolated rat hippocampus 
mitochondria. According to previous studies, 
EC has radical scavenging activity (30) and 
would inhibit cell death caused by hydrogen 
peroxide (27). Generally, ROS are highly 
reactive with all macromolecules (e.g. 
proteins, DNA and lipid) (31). The oxidation 
of polyunsaturated fatty acids results in the 
production of multiple aldehydes with 
different carbon chain lengths, such as MDA 
(9). On the other hand, peroxides and MDA 
are the key factors for the initiation and the 
propagation of neurodegenerative diseases 
(32). Along with previous studies, EC 
significantly inhibited lipid peroxidation 
induced by Hcy in hippocampus isolated 
mitochondria (11,12,33). 

GSH is one of the primary non-enzymatic 
antioxidant systems against hydrogen peroxide 
and other ROS, which constitutes nearly 10–
15% of total cellular GSH in the mitochondria 
(34). Therefore, the decline of reduced GSH 
content in mitochondria could cause severe 
deficiency in their defense system against 
oxidative damage, leading to a further rise in 
lipid peroxidation (19). On the other hand, 
mitochondrial GSH is necessary for the 
maintenance of thiol group in inner 
mitochondrial membrane. In fact, increased 

ROS level by Hcy would lead to cross linking 
and oxidation of thiol groups in the 
mitochondrial membrane protein and the 
induction of the conformational changes in the 
pore complex, which would finally result in 
the mitochondrial permeability transition 
(MPT) (35). Our findings demonstrated that 
EC inhibited the mitochondrial swelling as an 
indicator of MPT, due to Hcy administration. 
Also, MPT is considered as an early step in 
apoptosis signaling. In the present study,                 
it was observed that EC treatment, not only 
inhibited Hcy-induced mitochondrial swelling, 
but also inhibited mitochondrial dysfunction. 
Furthermore, it has been proven that EC                  
and EGCG were more potent than catechin as 
neuroprotectants. Due to its simpler structure 
and more efficient blood–brain barrier 
penetration properties, EC might be an effective 
therapeutic candidate for neurodegenerative 
diseases (36). 

 
CONCLUSION 

 
In summary, we have demonstrated that EC 

has protective effects against oxidative stress and 
mitochondrial damage induced by Hcy using 
isolated rat hippocampus mitochondria in vivo as 
a model of neurodegenerative diseases.  
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