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The ameliorating effects of Theae Folium on the cerebral
Ischemia-induced memory impairment in rats
Kou-Jen Wu
Institute of Chinese Pharmaceutical Science
ChinaMedical University

Abstract

The present study was designed to investigate the effects of Theae
Folium (Camellia sinensis (L.) O. Kyntze) and its principle constituent
(-)-epigallocatechin gallate on performance impairment of water maze
and locomotor activity in cerebral ischemic rats caused by middle
cerebral artery and two common carotid arteries occlusion. Then we
further clarified the action mechanism of the ameliorating effects of
(-)-epigallocatechin gallate by measuring maonyldiadehyde and
glutathione levels, and superoxide dismutase activity in rat cortex,
hippocampus and striatum. Pentoxifylline was used as a positive control.

Firstly, cerebral ischemic rats had the impairment of water maze
gpatial performance, and the deficits in reference and working memory.
Theae Folium and its principle condtituent (-)-epigallocatechin gallate
amdliorated the performance impairment and memory deficit in cerebra
ischemic rats. Pentoxifylline aso ameliorated the performance
impairment induced by cerebra ischemia. Secondly, cerebral ischemic
rats had higher malonyldialdehyde levels in hippocampus and striatum,
and lower glutathione leves in cortex and hippocampus.
(-)-Epigalocatechin gallate reversed the deterioration of the
malonyldialdehyde and glutathione levels in hippocampus and striatum.
Pentoxifylline did not affect the deterioration of antioxidant defense and
lipid peroxidation in cerebral ischemic rats.

From these above results, cerebral ischemia caused oxidative damage
of hippocampa and striatal nerve cells including glutathione depletion
and maonyldialdenyde production, and then impared spatia
performance and memory processes in rats. Theae Folium ameliorated the
memory impairment induced by cerebral ischemia. Its active constituent
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(-)-Epigallocatechin gallate also ameliorated the memory impairment
induced by cerebral ischemia, and the action mechanism might be due to
decrease higher malonyldialdehyde levels via reversing the deterioration
of total-SOD activity and glutathione levels in hippocampus and striatum.
In summary, the action mechanism of the ameliorating effects of Theae
Folium and its principle constituent (-)-epigallocatechin gallate on the
memory impairment induced by cerebral ischemia might is distinct from
pentoxifylline.
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(-)-Epigallocatechin gallate
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Theaceae Cameliasnenss L. O.
KUNTZE
3kg 85 12
2179 7.23%
1. Pentobarbital Sodium Chriskev
2. Sodium dihydrogen phosphate monohydate  Disodium

hydrogen phosphate  Ethylenedinitrilo tetraacetic acid

EDTA JT. Baker

3. Tris  hydroxymethyl aminomethane Bio-RAD

4. Riboflavin L-Methionine Nitroblue tetrazolium NBT

55 -Dithio-bis 2-nitrobenzoic aid DTNB -

-Epigallocatechin galate EGCG  Pentoxifylline

Sigma-Aldrich

5. MDA - 586 assay Kit Glutathione GSH assay kit

Cayman
6. Protein Assay Kit Bio-RAD
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E63-22 Colbourn Instruments International Corporation
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Columbus Instruments' VIDEOMEX-V video tracking Video Camera

Video monitor Columbus Instruments International Corporation

Columbus Instruments' Water Maze Program.
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Microplate Spectrophotometer  Powerwave X 340

Bio-Tek instruments INC.
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1. Malonyldialdehyde

50 p | standad MDA sample plate
well 160 p | 10 mM N-methyl-2-phenylindole
pupul 37%HC 586 nm

2. Superoxide dismutase

NBT (78) 200 p | 5mM
riboflavin 20 p | 149 mg methionine  1.22 mM NBT 820 pu |

50 MM pH=7.8 phosphate buffer 8 ml 50 p |
3~5 50 mM
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10 45 90 135

180 225 270

S0%NBT U S0%NBT
Vi Tota-SOD
3. Glutathione
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5 30 (79)
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Fig.4 Effects of Theae Folium (TF, 30 100 300 mg/kg) on locomotor
activity in ischemic rats.
* P<0.05 compared with ischemia group.
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Fig.5 Effects of Theae Folium (TF, 30 100 300 mg/kg) on entriesin
holes in ischemic rats.
* P<0.05 compared with ischemia group.
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Fig.6
P 0.001 100 300 mg/kg
P 0.001
— =0 =— Sham
1207 *k —=8&— |schemia
—a—  TF-30 mg/kg
¥+ —p— TF-100 mg/kg

TF-300 mg/kg
QOF

60

Times (sec)

30 f

Days
Fig.6 Effects of Theae Folium (TF, 30 100 300 mg/kg) on total
swimming time on the hidden platform of water maze in ischemic rats.
** P<0.01 compared with sham group.
*** P<0.001 compared with sham group.
## P<0.01 compared with ischemia group.
# P<0.001 compared with ischemia group.
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Fig.7
P 005 100 300 mg/kg
P 0.05
2r [ Sham
@R |schemia
TF-100 mg/kg
BXXN TF-300 mg/kg
8 5
8 sf
£
|_
4F
2 5
0 X

Fig.7 Effects of Theae Folium (TF, 30 100 300 mg/kg) on total
swvimming time swum through the target ring of water maze in ischemic
rats.

*P<0.05 compared with sham group.

# P<0.05 compared with ischemia group.



Fig.8
P 005 100 300 mgkg
P 0.05
120
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@R |schemia
Q0 TF-30 mg/kg
TF-100 mg/kg
,g ? EXXA TF-300 mg/kg
8 21N
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: NG
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| N
N
AN
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Reacquistion Retrieval

Fig.8 Effects of Theae Folium (TF, 30 100 300 mg/kg) on total
swvimming time swum to hidden platform during reacquistion and
retrieva of water maze in ischemic rats.

* P<0.05 compared with sham group.

# P<0.05 compared with ischemia group.



Fig.9
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P 0.05
30 '[ -|— Pk TF-300 mg/kg
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n
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=
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Fig.9 Effects of Theae Folium (TF, 30 100 300 mg/kg) on total
swimming time and speed on the visible platform of water mazein
ischemic rats.

*** P<0.001 compared with sham group.

## P<0.001 compared with ischemia group.



(-)-Epigallocatechin gallate

Fig.10

1000 r

800 |

600 |

400 |

L ocomotor activity (sec)

200 |

EGCG 10 mgkg

PTX 100 mg/kg

C— Sham

@ |schemia

BXXA EGCG-10 mg/kg
E==3 PTX-100 mg/kg

Fig.10 Effects of (-)-epigalocatechin gdlate (EGCG, 10 mg/kg) and
pentoxifylline (PTX, 100 mg/kg) on locomotor activity in ischemic rats.



Fig.11 EGCG 10 mgkg

Entriesin Holes (counts)

PTX 100 mg/kg

C—/ Sham

Bl |schemia

BXXA EGCG-10 mg/kg
E=3 PTX-100 mg/kg

Fig.11 Effects of (-)-epigalocatechin gallate (EGCG, 10 mg/kg) and
pentoxifylline (PTX, 100 mg/kg) on entriesin holes in ischemic rats.
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(-)-Epigallocatechin gallate

1. ()-Epigalocatechin galate

Fig.12
P 0001 EGCG 10 mgkg PTX 100 mg/kg
P 0.001
120 ¢
Sham
Ischemia
EGCG-10 mg/kg
o | PTX-100 mg/kg
8
Y
£
|_
30k
0

Days

Fig.12 Effects of (-)-epigdlocatechin gdlate (EGCG, 10 mg/kg) and
pentoxifylline (PTX, 100 mg/kg) on total swimming time on the hidden
platform of water maze in ischemic rats.

** P<0.01 compared with sham group.

*** P<0.001 compared with sham group.

## P<0.01 compared with ischemia group.

## P<0.001 compared with ischemia group.



2. (-)-Epigalocatechin gdlate

Fig.13
P 005 EGCG 10 mgkg PTX 100 mg/kg
12 ¢
3 Sham
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XXX EGCG-10 mg/kg
9F = PTX-100 mg/kg
g 6 -|-
£
) 1
3t
0 "4

Fig.13 Effects of (-)-epigalocatechin gdlate (EGCG, 10 mg/kg) and
pentoxifylline (PTX, 100 mg/kg) on total swimming time swum through
the target ring of water maze in ischemic rats.

*P<0.05 compared with sham group.
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3. (-)-Epigalocatechin gdlate

Fig.14
P 005 EGCG 10 mgkg PTX 100 mg/kg
120
¥ ¥ C— Sham
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Reacquistion

Fig.14 Effects of (-)-epigallocatechin gdlate (EGCG, 10 mg/kg) and
pentoxifylline (PTX, 100 mg/kg) on total swimming time swum to hidden
platform during reacquistion and retrieval of water maze in ischemic rats.
* P<0.05 compared with sham group.



4. (-)-Epigalocatechin gallate

Fig.15
P 005 EGCG 10 mg/kg PTX 100
mg/kg P 00

EXX® EGCG-10 mg/kg
E= PTX-100 mg/kg

90

w
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3
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Fig.15 Effects of (-)-epigalocatechin gdlate (EGCG, 10 mg/kg) and
pentoxifylline (PTX, 100 mg/kg) on total swimming time and speed on
the visible platform of water maze in ischemic rats.

*** P<0.001 compared with sham group.

#H# P<0.001 compared with ischemia group.
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(-)-Epigallocatechin gallate
1. (-)-Epigalocatechin gdlate Ma onyldialdehyde

P 001 EGCG 10mgkg

MDA P 0.05 PTX 100 mg/kg
18
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Cortex Hippocampus Striatum

Fig.16 Effects of (-)-epigdlocatechin gdlate (EGCG, 10 mg/kg) and
pentoxifylline (PTX, 100 mg/kg) on malonyldialdehydelevd in ischemic
rats.

** P<0.01 compared with sham group.

*** P<0.001 compared with sham group.

# P<0.05 compared with ischemia group.
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2. (-)-Epigdlocatechin gdlate Superoxide dismutase

Fig.17 EGCG 10 mg/kg
total-SOD P 0.05 PTX 100 mg/kg
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Cortex Hippocampus  Striatum

Fig.17 Effects of (-)-epigdlocatechin gdlate (EGCG, 10 mg/kg) and
pentoxifylline (PTX, 100 mg/kg) on total-superoxide dismutase activities
in ischemic rats.

### P<0.001 compared with ischemia group.



3. (-)-Epigdlocatechin gallate Glutathione

Fig.18 total-GSH
P 005 EGCG 10 mgkg

total-GSH P 0.001 total-GSH
P 0.001 PTX 100 mg/kg
total-GSH P 0.01
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Cortex Hippocampus  Striatum

Fig.18 Effects of (-)-epigallocatechin gdlate (EGCG, 10 mg/kg) and
pentoxifylline (PTX, 100 mg/kg) ontota glutathionelevd in ischemic
rats.

* P<0.05 compared with sham group.

** P<0.01 compared with sham group.

## P<0.01 compared with ischemia group.

### P<0.001 compared with ischemia group.
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