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6 Abstract
7 Amyloid R peptide (APR)-induced oxidative stress is involved in the pa&h&mmj’ Alzheimer’s disease (AD). In contrast, green tea
8 catechins confer potent antioxidative defense to brain neurons. Th?m'ft' AD, rats kd whether long-term administration of green tea
9 catechins [Polyphenon E (PE): 63% of epigallocatechin-3-gallate, 1,1 % of epicatechin, 6% of (—)-epigallocatechin and 6% of (—)-epicatechin-
10  gallate] prevents cognitive impairment in an animal model of s infused with AR, 4o into the cerebral ventricle. Five-week-old male
11 Wistar rats fed with an MF diet were randomly divided into two groups: 0.0% PE (rats administered with water only) and 0.5% PE (rats
12 administered with 5 g/L of PE). Twenty weeks after the PE administration, the 0.0% PE group was divided into the Vehicle group (rats
13 infused with the solvent used for dissolving AR) and the AR, _4o-infused rat group (AR group), whereas the 0.5% PE group was divided into
14 the PE+Vehicle group (PE-preadministered vehicle-infused rats) and the PE+AR group (PE-preadministered Ap-infused rats). AR 49 Or
15 vehicle was infused into the cerebral ventricle using a mini osmotic pump. Behavioral changes in the rats were assessed by an eight-arm
16 radial maze. PE administration for 26 weeks significantly decreased the Ap-induced increase in the number of reference and working
17 memory errors, with a concomitant reduction of hippocampal lipid peroxide (LPQ; 40%) and cortico-hippocampal reactive oxygen species
18 (ROS; 42% and 50%, respectively). Significantly reduced levels of LPO in the plasma (24%) and hippocampus (25%) as well as those of
19 ROS in the hippocampus (23%) and cortex (41%) were found in the PE+Vehicle group as compared with the Vehicle group. Furthermore,
20  rats with preadministered PE had higher ferric-reducing antioxidation power of plasma as compared with the Vehicle group. Our results
21 suggest that long-term administration of green tea catechins provides effective prophylactic benefits against AR-induced cognitive
22 impairment by increasing antioxidative defenses.
23 © 2007 Elsevier Inc. All rights reserved.
24
25 Keywords: Green tea catechins; Memory learning; Antioxidants; Alzheimer’s disease; Rats
26
27 1. Introduction unclear as to how precisely AP contributes to the disease 30
process. Oxidative stress may be involved in the mechan- 31
28 Amyloid P peptide (AP) plays a central role in the ism of Ap-induced neurotoxicity [2—5] and the pathogen- 32
29 etiology of Alzheimer’s disease (AD) [1], although it is esis of AD [6,7]. For instance, AP increases hydrogen 33
peroxide and lipid peroxide (LPO) concentrations in cells 34
o ) . i [3,8] and membranes [9]. Higher levels of lipid peroxida- 35
Abbreviations: 00% PE group, rats administered with .water onl.y; 0.5% tion [10], protein carbonyl modification [11] and mitochon- 36
PE group, rats administered with 5 g/L of PE; AP, amyloid  peptide; AP >
group, amyloid B peptide;.4o-infused rats; AD, Alzheimer’s disease; drial DNA oxidation [12] have also been reported in the 37
ANOVA, analysis of variance; APP, amyloid precursor protein; EC, brains of AD patients as compared with those of age- 33
epicatechin; ECG, (—)-epicatechin-gallate; EGC, (—)-epigallocatechin; matched controls. 39
EGCG, eplga!lqcatechlr{-3-gallate; FRAP, ferrlc-ll”e(%ucmg antioxidation We reported that lower hi 0 concentrations 40
power; LPO, lipid peroxide; LTP, long-term potentiation; PE, Polyphenon . .
E; PE+Ap group, PE-preadministered Ap-infused rats; PE+Vehicle group, attribute to better spatlal lea W young [13] and 41
PE-preadministered vehicle-infused rats; PKC, protein kinase C; PLSD, aged [14] rats. Consistent with th¢se findings, we further 42
protected least significant difference; RME, reference memory error; ROS, reported that a decrease in hippoc pal LPO concentrations 43
reacFive oxygen spécies; TBARS, thiobarbituric acid-—reacti‘ve substances; and/or an increase in antioxidativé defense in the hippocam- 44
Vehicle group, rats infused with the solvent used for dissolving AR; WME, . . . .
working memory error. pus p.revents.[15] and/or ame ratfes [16] le.arnmg impair- 45
Q2 * Corresponding author. ment in an animal model of AB-rats infused with AP _40 into 46
E-mail address: michiol@mo). the cerebral ventricle. 47
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Tea is rich in polyphenols contained in the leaves and
stems of the tea plant. The major polyphenolic components in
green tea are epigallocatechin-3-gallate (EGCG), epicatechin
(EC), (—)-epigallocatechin (EGC) and (—)-epicatechin-gal-
late (ECG). EGCG is the abundant and most active
component [17,18] of green tea catechins, acts as an
antioxidant in the biological system [19] and attenuates
lipid peroxidation caused by various forms of free radicals
[20]. In particular, EGCG reduces neuronal cell death caused
by transient global ischemia [21], AR-induced neurotoxicity
[19] and a-amino-3-hydroxy-5-methyl-4-isoxazolo propio-
nate-induced calcium influx and neuronal cell damage [22],
all of which are associated with increased oxidative stress. We
reported that long-term administration of green tea catechins
reduces hippocampal LPO and reactive oxygen species
(ROS) levels and increases the ferric-reducing antioxidation
power (FRAP) of plasma in rats. These changes demonstrated
improved age-related cognitive decline in rats [23]. We
therefore investigated whether long-term administration of
tea catechins prevents oxidative stress and cognitive impair-
ment in AB-infused AD model rats.

2. Materials and methods
2.1. Animals, diet and experimental design

Five-week-old male rats (n=49; Jcl:Wistar, Clea, Osaka,
Japan) were housed with a 12-h dark/light cycle under
controlled temperature (23+£2°C) and humidity (50£10%
relative humidity) with ad libitum access to a normal MF diet
(Oriental Yeast, Osaka, Japan) and water. The MF diet,
which is a nutritionally adequate and standard solid diet for
rodents composed of (in descending order.of amount) flour,
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J@ 'I Vehicle H Vehicle |
U H  as |

Wistar male rat

(5-wk old)
-I Vehicle H PE+Vehicle |
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Fig. 1. Experimental design: study grouping (A) and schedule (B). Five-
week-old male Wistar rats were fed with 0.0% PE or 0.5% PE for a total of
26 weeks. At that time, rats were behaviorally tested for uniform
subgrouping with an eight-arm radial maze. A vehicle or AP 40 was
infused into the cerebral ventricle of the rats from the 0.0% PE and 0.5% PE
groups, which were subsequently subdivided into the Vehicle, Ap, PE
+Vehicle and PE+APR groups. Finally, rats were behaviorally tested to assess
the effects of PE on cognitive learning ability.

lightly with sodium pentobarbital (50 mg/kg ip). The skull 100
was exposed and two holes (right and left, relative to the 101
bregma; 0.8 mm posterior and 1.4 mm lateral) were drilled 102
according to the atlas of Paxinos and Watson [24] using a 103
stereotaxic frame (Narishige, Tokyo, Japan). The APR;_4 104
was injected into the left cerebral ventricle using a mini 105
osmotic pump. Rats other than those from the AR;_49- 106
infused group (AP group) were administered with the 107

corn, soybean meal, whitefish meal, yeal
soybean oil, included 70 g/kg of water,

Mitsui Norin Ltd., Tokyo, Japan

dissolving AP) only. The outlet of 108
d 3.5 mm into the left ventricle. The 109

protein, 51 g/kg of crude fat, 62 g/kg pf crude ash, 32 g/kg of
crude fiber and 545 g/kg of nitrogep=free extract (>90% of
which is starch). Rats were randomly divided into two
groups and administered with gigen tea catechins [Poly-
phenon E (PE), MitsarNerin—Tokyo—Japan) mixed with
water for a total of 26.weeks as follows: the 0.5% (w/v) PE
group (rats administered with 5 g/LL of PE; n=24) and the
0.0% PE group (rats administered with water only; n=25).
The water containing PE as EGCG (63%), (—)-EC (11%),
EGC (6%) and ECG (6%) was freshly prepared every other
day. The experimental design details are diagrammed in
Fig. 1. We followed the general guidelines for the care and
use of laboratory animals as recommended by the Shimane
University and compiled from the guidelines for animal
experimentation of the Japanese Association for Laboratory
Animal Science.

2.2. Infusion of Af;_,y into rats

The infusion of AP;_40 (Peptide Institute, Osaka Japan)
into the cerebral ventricle was essentially the same as
described previously [15]. Briefly, rats were anesthetized

infusion rate was 0.5 pl/h, and the total amount of infused 110
AR was 4.9-5.5 nmol. We injected 0.5 ug of AlCI; into the 111
right cerebral ventricle before implanting the mini osmotic 112
pump to facilitate the aggregation of AR_4. 113

2.3. Behavioral assessment by radial maze 114

Rats were behaviorally tested to study their learning- 115
related cognitive ability with the use of an eight-arm radial 116
maze (Toyo Sangyo, Toyama, Japan) as described previously 117
[13,14]. Briefly (Fig. 1), 16 weeks after the PE administra- 118
tion, rats in the two groups (0.0% PE group and 0.5% PE 119
group) were tested to perform a standard task in an eight-arm 120
radial maze. Before the preliminary behavior test began, rats 121
were transferred to a regimen of food deprivation to keep their 122
body weight at 80—85% of their free feeding weight, and each 123
rat was handled for 5 min everyday for a total of 5 consecutive 124
days with constant monitoring of body weight. The rats were 125
then familiarized with the radial maze apparatus, across the 126
entire surface of which reward pellets were scattered. After 127
the end of the 1-week adaptation period, each rat was given 128
two daily trials for 3 weeks in which the reward acquisition at 129
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the end of each arm was recorded. After they completed this
behavior test, each group of rats was subdivided into two
uniform groups allowing for the number of errors made by
each rat in the last six trials in the preliminary behavior test
and infused with AR or the vehicle as follows: the 0.0% PE
group was divided into rats infused with the solvent used for
dissolving AP (Vehicle group, n=12) and an Ap-infused
group (AP group, n=13), whereas the 0.5% PE group was
divided into a vehicle-infused PE group (PE+Vehicle group,
n=12) and an Ap-infused PE group (PE+Ap group, n=12).
The four groups of rats were behaviorally tested at 3 weeks
after surgery to assess the effect of PE preadministration on
cognitive learning ability. This testing lasted for a total of 3
weeks. The same protocol used for the preliminary behavior
test was followed in the final behavior test except for the
adaptation period. The performance involved two parameters
of memory function: reference memory error (RME, entry
into unbaited arms within a trial) and working memory error
(WME, repeated entry into any arm that had already been
visited within a trial). Lower numbers of RMEs and WMEs
implied better spatial learning ability of the rats.

2.4. Plasma and brain collection

After their completion of the behavioral test, the rats were
anesthetized with sodium pentobarbital (65 mg/kg ip); blood
samples were collected, and brains were quickly isolated as
described previously [15]. The tissues were prepared for
biochemical analyses as described previously [23] and stored
at —80°C until analysis.

2.5. Determination of plasma lipid

Plasma triglyceride and total cholesterol levels were
enzymatically measured with a Triglyceride® E-Test and
a Cholesterol E-Test (Wako Pure Chemical, Osaka,
Japan), respectively.

2.6. Determination of oxidative status

LPO concentrations were determined by the thiobarbi-
turic acid-reactive substances (TBARS) assay as described
previously [25]. Briefly, the reaction mixture, containing
50 pl of homogenates, 100 pul-of 8.1% sodium dodecyl
sulfate and 1.5 ml of a 0.8% solution of thiobarbituric acid in
a 20% acetic acid solution (pH 3.5), was made up to a final
volume of 2.0 ml with distilled water. The mixture was
heated at 95°C for 60 min. After cooling the mixture with tap
water, we added 500 pl of distilled water and a 2.5-ml
mixture of n-butanol and pyridine (15:1, v/v). Then, the
whole mixture was shaken vigorously for 15 min. After
centrifugation at 2500xg for 20 min, the absorbance of the
organic (upper) layer was measured at 532 nm. TBARS
levels are expressed as nanomoles of malondialdehyde per
milligram of protein. Malondialdehyde concentrations
were calculated relative to a standard preparation of
1,1,3,3-tetracthoxypropane. Protein concentrations were
determined according to the method of Lowry et al. [26].

The concentrations of ROS were determined as described 182
previously [15,27]. Briefly, freshly prepared tissue homo- 183
genate was mixed with 100 mmol/L of potassium phosphate 184
buffer (pH 7.4) and incubated with 2’,7’-dichlorofluorescein 185
diacetate in methanol at a final concentration of 5 pmol/L for 186
15 min at 37°C. The dye-loaded samples were centrifuged at 187
12,500xg for 10 min at 4°C. The pellet was mixed on a 188
vortex at 4°C in 100 mmol/L of phosphate buffer (pH 7.4) 189
and incubated again for 60 min- at 37°C. Fluorescence 190
intensity was measured with a spectrofluorometer (Type 850, 191
Hitachi, Tokyo, Japan) at wavelengths of 488 nm for 192
excitation and 525 nm for emission. The cuvette holder was 193
maintained at 37°C. The ROS concentrations were quanti- 194
fied from a dichlorofluorescein standard curve in methanol. 195

Plasma total antioxidant activity was measured by the 196
assay of FRAP with slight modification [28]. Briefly, the 197
working reagent of 'FRAP was prepared by mixing 198
300 mmol/L-of acetate buffer (pH 3.6) and 10 mmol/L of 199
2,4,6-tripyridyl-s-triazine in a solution of 40 mmol/L of HCI 200
and 20 mmol/LL of FeCl;-6H,0. Absorbance was taken at 201
600 nm after mixing the working FRAP reagent with plasma 202
or_standard solution. A blank reading with only the FRAP 203
working reagent was subtracted from the absorbance of the 204
FRAP reagent with a sample to measure the actual FRAP 205
value of each tube. 206

2.7. Statistical analyses 207

Values are expressed as mean+S.E.M. Statistical analyses 208
of the data were carried out using the GB-STAT 6.5.4 209
(Dynamic Microsystems, Silver Spring, MD, USA) and 210
StatView 4.01 (MindVision Software, Abacus Concepts, 211
Berkeley, CA, USA) programs. Behavioral data were tested 212
by two-way (group and block) randomized block factorial 213
analysis of variance (ANOVA). Intergroup differences of all 214
other parameters were analyzed by one-way ANOVA 215
followed by Fisher’s protected least significant difference 216
(PLSD) test with post hoc comparisons. Correlation was 217
determined by measuring Pearson’s product—moment corre- 218
lation coefficient, referred to as r. 219

3. Results 220

3.1. PE intake

A Lo roxlat 291
mg/Kg body weight.

Rats in/all groups did not differ in daily intake volume 222
of water\por PE-mixed water. The daily intake of PE was 223
304+7 smgtke. The final body weight did not differ among 224
the groups (Vehicle group, 4719 g; AP group, 464+7 g; 225
PE+APR group, 46549 g; PE+Vehicle group, 478+7 g). 226

3.2. Effects of PE preadministration on radial maze 227
learning ability 228

The effect of PE preadministration on reference and 229
working memory-related learning ability in the vehicle and 230
APBi_go-infused AD model rats is expressed as the mean 231
number of RMEs and WMEs for each group, with the data 232
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Fig. 2. Effects of PE preadministration to Ap;_4o-infused rats on reference
and working memory-related learning ability in the eight-arm radial maze
task. Each value represents the number of RMEs (A) and that of WMEs (B)
as the mean+S.E.M. in each block of six trials. Groups without a common
letter for the main effects are significantly different at P<.05: Vehicle group,
n=12; Ap group, n=13; PE+Vehicle group, n=12; PE+AR group, n=12. The
significance of differences among the four groups was determined by
randomized two-factor (block and group) ANOVA followed by Fisher’s
PLSD test. Main effects of blocks of trials and groups were significant
(P<0001) on the number of RMEs and that of WMEs but without a
significant Block>xGroup interaction. Details of the subtest analysis between
the two groups of main effects of blocks of trials and groups are shown in
Table 1.

averaged over blocks of six trials (Fig. 2). Randomized two-
factor (block and group) ANOVA revealed significant main
effects of blocks of trials [F(4,308)=14.66, P<.0001] and
groups [F(3,231)=26.87, P<.0001] on the number of RMEs
and that of WMEs [blocks: F(4,308)=41.23, P<.0001;
groups: F(3,231)=32.13, P<.0001] but without a significant
BlockxGroup interaction on the number of RMEs (P=.141)
and that of WMEs (P=.582) (Fig. 2). Subset analyses
(Table 1) of the number of RMEs showed the effect of PE on
the Vehicle and Ap-infused groups-and the effect of AR on
the Vehicle and PE+Vehicle groups, demonstrating that the
PE+Ap and PE+Vehicle groups had lower RME scores as
compared with the Ap and Vehicle groups, respectively
(Fig. 2). Similarly, subset analyses (Table 1) of the number of
WMESs showed the effect of PE on the Vehicle and ApP-
infused groups and the effect of AR on the Vehicle and
PE+Vehicle groups, demonstrating that the PE+AP and PE

Table 1

+Vehicle groups had lower WME scores as compared with 250
the AR and Vehicle groups, respectively (Fig. 2). 251

3.3. Effect of PE preadministration on plasma triglyceride 252
and total cholesterol levels 253

There was no significant difference in the content of 254
plasma triglycerides among the experimental groups (data not 255
shown). However, the total cholesterol content in plasma was 256
significantly lower in the PE+AR group (39.51£3.8 mg/dl) 257
than in the AR (62.33£2.4 mg/dl), Vehicle (69.89+3.9 mg/dl) 258
and PE+Vehicle (61.5043.4 mg/dl) groups (P<.05). 259

3.4. Effect of PE preadministration on the oxidative status of 260
plasma and brain 261

Plasma TBARS concentrations were significantly lower 262
in the PE+Vehicle group as compared with the Vehicle, Ap 263
and PE+ApR groups [F(3,45)=3.58, P=.020; Table 2]. On the 264
other hand, the plasma FRAP concentrations were signifi- 265
cantly higher in the PE-preadministered groups (PE+Vehicle 266
and PE+ApR groups) as compared with the water-adminis- 267
tered  groups (Vehicle and AP groups) [F(3,45)=11.87, 268
P<0001; Table 2). 269

The hippocampal TBARS [F(3,45)=16.88, P<0001] 270
and ROS [F£(3,45)=16.23, P<0001] concentrations were 271
significantly higher in the AR group than in the Vehicle, 272
PE+Vehicle and PE+AR groups (Table 2). However, AB 273
rats with preadministered PE (PE+Ap group) had 274
significantly lower TBARS [F(1,23)=24.80, P<0001] and 275
ROS [F(1,23)=26.50, P<0001] concentrations as com- 276
pared with the AP group (Table 2). Significantly lower 277
TBARS [F(1,22)=8.48, P=.0081] and ROS [F(1,22)=11.21, 278
P=.0029] concentrations were also found in the PE- 279
preadministered group (PE+Vehicle) as compared with the 280
Vehicle group (Table 2). 281

In the cerebral cortex, the TBARS concentrations were 282
unaffected among the four groups [F(3,45)=1.61, P=.200; 283
Table 2]. The infusion of AP displayed significantly higher 284
ROS concentrations in the AR group as compared with the 285
Vehicle group [F(1,23)=4.48, P=.0461]; however, PE 256
preadministration suppressed these effects to the levels of 287
the Vehicle group (Table 2). The PE+Vehicle group had 283
significantly lower ROS concentrations as compared with 289
the Vehicle group [F(1,22)=5.34, P=.039; Table 2]. 290

Results of the two-factor ANOVA and PLSD test conducted on RME and WME data obtained from the Vehicle (n=12), AR (n=13), PE+AR (n=12) and

PE+Vehicle (n=12) groups *

RME

WME

Block

Group

Block

Group

Vehicle vs. PE+Vehicle
AP vs. Vehicle

AR vs. PE+AR

AP vs. PE+Vehicle
Vehicle vs. PE+AR

<0.0001 [F(4,284)=12.72]
<0.0001 [F(4,308)=6.37]
0.0009 [F(4,308)=4.78]
<0.0001 [F(4,308)=7.43]
<0.0001 [F(4,284)=7.14]

0.0182 [F(1,71)=5.84]
<0.0001 [F(1,77)=35.45]
<0.0001 [F(1,77)=22.76]
<0.0001 [F(1,77)=65.63]
0.0286 [F(1,71)=4.99]

<0.0001 [F(4,284)=15.47]
<0.0001 [F(4,308)=17.31]
<0.0001 [F(4,308)=19.73]
<0.0001 [F(4,308)=20.29]
<0.0001 [F(4,284)=16.22]

0.0023 [F(1,71)=9.98]
<0.0001 [F(1,77)=24.19]
<0.0001 [F(1,77)=53.28]
<0.0001 [£(1,77)=79.66]
0.1811 [F(1,71)=1.82]

* Data are presented in Fig. 2.



A. Haque et al. / Journal of Nutritional Biochemistry xx (2007) xxx—xxx 5

t2.1  Table 2

t2.2  Oxidative status of plasma, cerebral cortex and hippocampus of the Vehicle, Ap, PE+Vehicle and PE+Ap rats *

t2.3 Vehicle (n=12) AP (n=13) PE+ApP (n=12) PE+Vehicle (n=12)
t2.4  Plasma

t2.5  TBARS (nmol/ml) 3.90+0.26" 3.95+0.27* 3.73+0.25% 2.97+0.28°
t2.6  FRAP (umol/L) 116.6+8.9° 126.5+5.4° 165.5+£9.8" 171.5+£7.3*
t2.7  Cortex

t2.8  TBARS (nmol/mg protein) 3.05+0.26 3.13+0.23 2.74+0.22 2.50+0.21
t2.9  ROS (pmol/mg protein/min) 0.153+0.027° 0.223+0.020" 0.130+0.018>° 0.090+0.017¢
t2.10  Hippocampus

t2.11 TBARS (nmol/mg protein) 2.52+0.11° 3.54+0.05% 2.10+0.13>° 1.89+0.19¢
t2.12  ROS (pmol/mg protein/min) 0.222+0.015° 0.322+0.027* 0.162+0.014¢ 0.171£0.013%¢

£2.13

291
292

293
294
295
296
297
298
299
300
301
302
303
304
305
306
307

308

309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329

* Values are expressed as mean+S.E.M. Mean values in a row with superscript letters without common letters differ, P<05.

3.5. Correlations between learning ability and TBARS and
ROS concentrations in plasma and brain

Regression analysis revealed significant positive correla-
tions between the number of RMEs and the concentrations of
TBARS in plasma (r=0.324, P=.023; Fig. 3A) and the
hippocampus (r=0.44, P=.016; Fig. 3B). A similar correla-
tion was found between the hippocampal ROS concentra-
tions and the number of WMEs (r=0.294, P=.041; Fig. 3C).
On the other hand, a negative correlation was observed
between the FRAP concentrations and the number of WMEs
(r=—0.296, P=.039; Fig. 3D). A statistically nonsignificant
but high tendency of a positive correlation between the
hippocampal ROS concentrations and the number of RMEs
(r=0.280, P=.051, Fig. 3E) and a tendency of a negative
correlation between the FRAP concentrations and the
number of RMEs (r=—0.272, P=.058; Fig. 3F) were
observed in the final block of the radial maze test.

4. Discussion

The present study demonstrates that long-term preadmi-
nistration of PE markedly prevents Ap; 4o-induced spatial
cognitive learning impairment in AD model rats. PE
preadministration consistently suppressed Ap-induced
increases in LPO and ROS concentrations in the brain and
plasma, suggesting that the antioxidative action of PE could
be involved in preventing cognitive impairment in AP-
infused rats.

The free radical hypothesis of AD suggests that
increased production of LPO changes a wide variety of
cellular enzymes. and exacerbates the neurodegeneration
processes [29]. The hippocampus and cerebral cortex are
key components for memory formation, and the hippo-
campus is uniquely indispensable in the integration of
spatial information. In this study, we found that PE
preadministration significantly suppressed Ap-induced
LPO and ROS production in the brain and concomitantly
improved memory-related learning ability. We assume that
neuroprotection might play a role in the favorable effect of
PE against AP-induced oxidative insults and cognitive
deficits. This is because vitamin E and ferulic acids

demonstrate similar effects in learning and memory 330
deficiencies in Ap-infused rats [30] and mice [31], 331
respectively. We thus speculate that lower LPO and ROS 332
concentrations, combined with the higher acquisition of 333
memory performance, are likely to be the effects of PE on 334
scavenging and/or preventing radical formation at the 335
neuronal level. 336

PE is composed of EGCG, EGC, ECG and EC. The 337
relative antioxidant potential of tea catechins is EGC- 338
G=ECG>EGC>EC [20]. Metabolism of green tea catechins 339
has been_studied in animal [32] and human [33] subjects. 340
After oral administration, EGCG is detected as free EGCG, 341
its conjugates or both and peaks at 1-2 h after dose 342
administration in rat systemic circulation [34]. Studies with 343
radioactively labeled EGCG in mice [35] or chemilumines- 344
cence-based detection in rats [36] also demonstrated its 345
incorporation into the brain and into other organs, such as the 346
kidney, heart, liver, spleen and pancreas. 347

Long-term potentiation (LTP) is a form of synaptic 348
plasticity widely studied as a cellular basis for learning and 349
memory formation [37]. AP infusion into the rat3s0
hippocampus evidently induces_a_deficit in LTP and 351
working memory [38]. Age-rd(Table 2) |wairment is 352
also linked to age-related increases in hippocamypal ROS 353
concentrations [39]. Here, AP infusion signifigantly 354
increased the hippocampal ROS concentrations( )and 355
impaired the learning-related cognitive functions (Fig. 2; 356
~Fabte—2). In addition, PE preadministration increased the 357
FRAP concentrations (an indicator of the total antioxidant 358
potential of plasma), which negatively correlated with the 359
number of RMEs and that of WMEs. Thus, with all the 360
evidence taken together, we speculate that the improvement 361
of learning ability after long-term PE preadministration is 362
due to either changes in the antioxidant and/or radical 363
scavenger concentrations or an increase in the antioxidizing 364
activities and consequent prevention of AR-induced LTP 365
impairment in AD rats. This speculation is consistent with 366
findings that oral administration of tea catechins activates 367
the antioxidative enzymes in mice [40] and that supple- 368
mentation with antioxidant-rich diets reverses the age- 369
related LTP deficits by increasing antioxidative defenses in 370
rats [41,42]. 371



HAQUE
Callout
(Table 2)

HAQUE
Line

HAQUE
Oval


6 A. Haque et al. / Journal of Nutritional Biochemistry xx (2007) xxx—xxx

4.51 A r=0.324, P<.023 4.5+ B r=0.44, P<.016
4.0 4.0 (o]
o plasma (nmol/ml) |
S 3.51 S 3.5+ o
| u
g 3.0 E 3.01 LN .OR%
254 -
2 20 2 25 % 00
8 20 8 20- hippocampus |
o o
§ 1.51 ﬁ 1.54 o A
1.0 101 & A
0.5 +—svb—+—-"-—++—-+—7—r—— S+
20 25 30 3.5N4.0 45 50 55 05 1.0 1.5 20 25 3.5 4.0 45 50 55
TBARS in Plarsmmer{rmmotfmt) TBARS in Hippocampus (nmol/mg protein)
459 C r=0.204, P<.041 45D r = - 0.296, P<.039
4.0 A 4.0 A
w w
§ 35' § 35.
& 3.04 w 3.0
> o > o
S [ ] <] [ ]
g 254 ° _ g 251 P
= hippocampus |2 20
= 2.0 0]0) p = 2 o oo
(= c
E 151 £ 154 o, & A
<) o A Q A
= 1.01 = 104 A o 52 @ .
0.54 0.54 A%,
A e Ba/a ga
0.0+—T—F———f——T—7—7—7 0+ T 7T
005 0.15 ¢25 035 045 055 40 60 80 10012014%0180200220240260
ROS in Hippeeampus (nmol/mg protein/min) FRAP of Ptasma (umol/L)
45+ E r=0.280, P<.051 a5+ F r=-0.272, P<.058
o 4,04 0 5 4.0 o
o (=]
Llj 3.51 (o] Llj 354
£ 3.0 2 30
§ :
= 25' 2.54
: :
2 2.01 2 20+
@ @
% 1.54 -% 1.5
i i
1.04 1.01
05 L] L] L] ¥ L] L] T T ¥ 1 0»5 T T T T T T T T T T 1
005 015 \b?-25 035 045 055 40 60 80 1001201401%18020022024026
ROS in Hippoeampus (nmol/mg protein/min) FRAP of Riasma (umol/L)

Fig. 3. Scatter plots of the relationship between learning ability and each of the TBARS, ROS and FRAP levels. Learning ability is expressed as the number of
RiviEs-and-that-of-WiviEs in Block 5. O, AR group (n=13); A, Vehicle group (n=12); A, PE+Vehicle group (n=12); @, PE+ApB group (n=12).

372 Other than its antioxidant and radical-scavenging logical and experimental data demonstrate that hypercho- 384
373 tions, EGCG modulates the production of AR by lesterolemia is an early risk factor for the development of 385
374 r¢gulating its synthesizing enzymes [43]. Administration the amyloid pathology of AD [45,46]. In the present study, 336
375 of EGCG for 4-7 days significantly increases the expres- the total cholesterol content in plasma was significantly 387
376 sion i lei - i -AB group, but the mechanism is not 383
377 Specl reference memory errors and that of WOI’kIng MEMOTY EITOIS [eyated level of cholesterol accelerates 389
378 protein (APP) processing in human SH-SYS5Y neuroblas- AP production in AD by shifting APP metabolism from the 390
379 toma cells and in mice [43]. In addition, EGCG adminis- a- to the P-cleavage pathway [47], and lowering the 391
380 tration markedly increases the a-secretase cleavage activity, cholesterol by simvastatin reduces the production of AB in 392
381 decreases AR 4042 levels and attenuates AR plaques across vitro and in vivo [48]. Therefore, green tea catechins may 393
382 the hippocampal and cortical brain regions in TgAPPg, have another effective role to prevent cerebral amyloidosis 394

383 mice, a mouse model of AD [44]. Furthermore, epidemio- in AD by modulating cholesterol metabolism. 395
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The process of aging increases oxidative stress and
induces the production of ROS, leading to serious functional
impairments, including cognitive decline [49]. Cells are
constantly exposed to oxidative stress, and brain tissues are
especially vulnerable due to their inherently poor antiox-
idative defense mechanisms. EGCG has a stronger antiox-
idant activity as compared with either vitamin E or C on a
molar basis in vitro [50]. Furthermore, in reducing ferrous
ion-induced lipid peroxidation, the ICsq values of several
antioxidants are as follows: 3.32 uM for EGCG, 75.65 uM
for trolox, 7.63 uM for lipoic acids and 15.48 uM for
melatonin [51]. In addition, higher consumption of green tea
is associated with lower prevalence of cognitive impairment
in elderly people [52]. Therefore, as compared with other
antioxidants, long-term consumption of green tea catechins
might have a higher preventive effect on cognitive deficits.
In this study, the intake volume of PE-mixed water was
approximately 60 ml/kg/day in the 0.5% PE group. Based on
this water volume intake, a person (with a body weight of 50
kg) would have to drink about 3 L of PE per day to get
similar effects. However, humans consume antioxidants
(including vitamins A, B, C and E as well as polyphenols,
etc.) from various food sources everyday. Therefore, a lower
amount (<3 L) of 0.5% PE-mixed water volume intake may
be effective in humans to ensure the similar effects.
However, detailed investigation is certainly required to
understand the fate of catechins in humans.

In conclusion, our results suggest that long-term admin-
istration of PE prevents cognitive deficits caused by
oxidative stress, AP induced and/or otherwise, at least by
facilitating antioxidative defenses. However, further research
is required to clarify the exact mechanism of how PE
contributes to the prevention of cognitive deficit in AD
model rats.
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