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Improvement of Memory Impairment of Green Tea Extract/L-Theanine
Through Inhibition of Secretase Activity and Cell Death In Vivo

Tae II Kim, Dong Yeon Yuk, Sang Ki Park*, Hyoung Kook Park*, Yeo Kyeung Yoon™ and Jin Tae Hong”

College of Pharmacy, Chungbuk National University, Cheongju 361-763, Korea
*LG Household and Health Care Research Park, Daejeon 305-343, Korea

Abstract — We examined the effect of green tea extract (GTE) and L-theanine combination on the Af;_4»-induced memory
dysfunction. GTE and combination were administrated into mice for 3 weeks followed by injection of AB; 4, to induce mem-
ory impairment. GTE and L-theanine administration significantly improved cognitive ability and reduced AB; 4, level accom-
panied with the inhibition of neuronal cell death and activities of secretase. These results suggest that GTE and L-theanine
combination may be a useful for preventing for the development or progression of Alzheimer’s disease.

Keywords [ | green tea extract, L-theanine, Alzheimer’s disease, memory, secretase, amyloid beta, cell death

Z| ] (dementiay= 2510191 dementatuso A S-E o &
2] 555 out of mind, = A2l opdS Sfmlgitt, dA| A
AleJgtox] dah= A= Falnteko] opd Abgto] o]xjo] g
Sk AdEellA T3] }ﬁ@%“]‘/‘r diQlzkA Y Z
AL 719 net %Fﬂ
L Ao A Qe
3} 71999, A7), A
gk 18 59), T AT, &
9} v, gk Q14 EE@
= ahte] Aol ohel ofy] Rl
FroR B 4 9tk A X]UH% =2l 7134
FHA o WSk AA S 23 FAV]
3, o] Whdo] 3 i n]7pe Ao},
HAHA] 2l 2]e] Aabse] wel X|u|2} g wo] vl

Halskd 47 0 2= 217444 Joig] (neurofibrillary tangle)

Xo]—oH =

o
=
il

=0
O

0,
rir

ols
J&FE

1o,
=
X

I

I

D

1%
)4
o ol
2 1 o o

il

rﬂ

)

I

o

N

12 o 0
= i o B
30 % B>~

_IO >,

i)

r
@

e o T 3

>lﬂ o OlN =2

L

OE

ofr

9

o)
i,

L

L

P el B R ARelAR
(93}) 043-261-2813  (¥2-) 043-268-2732

(E-mail) jinthong@chungbuk.ac.kr

384

9} 2178 (neuritic plaque)e] ATk 21784 F QFojz] 9k 21739
< ofd o= HEl FE S(AB; oFd o= HEHS] Hze £
sto] AT opd ol WleR= & FAFe] obdREolE A
T2 (Amyloid Precursor Protein: APP)2] 37} el
BAVR=E 274 o)At 271 7) TRl 39~43709) ol
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QgA] Feshar ik, v
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g A EdR agEe B e gy, el 2 e
M HT AAESE a9 9 opAgEd oAl avts} we
secretase £ OA EAE QA% WA Far) deg om0
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2 A48k, Tl 2 Agzlef|A] o) AFtellA ofME
2 Balas AR Quka B mxpe] A s
% 3R] L-theanine < Z§sto] AR 49 A= of& 7]
o] MR 7t B AradE dod v o] s A
o7 s

wbA] 2 A= 5AF 255 Ltheanine kel of
sto] 71998 7N &akEs Gotry) flete] AAlskict A|H|e]
o7 PdE]= opdRO|EE uhA Hof| A5 43} o]
eS| A5 /A & W opdRol= HlEl PA e dE
i kel oigk oAl Gt QA Brkekivk B okl
2o|& e} 1-427} /3= #gel] Aofehiz 42 secretase
(beta and gamma)?] &4 B4 A= FIS Hrlslslom,
Hof|A] epd ol wE} 1-429] YA A FHAAIZ]AL 4178 Al

T A AAA QA AR ) QReAE ATeein,

KN
=

[<S]

A

Shil Ad s A LAE AN GLP =52] def7|ee] wet
T8kl v, £, AEe AAsilnt. B9 ddE=E AR
= AR AFEES SIS, okee =l o] Felsh] 9l
3 19 e = AFEES SPsKIT & Aol ARG A
%% Y% L-theanine(Taiyo kagaku, Japan)< (7)LGAEx172.
FHE Aol ARSIt

{5 &2 /L-theanine HE F0]

TE G AFT EAko] dARES YR2T ),
ol Zol= e} Fojt, 18]l o}d R0l HERS} A FEE
= A FoIek AT (12 mgkg o, 24 mgkg ) B ofHEo]
= ek} 523555 /L -theanine B35S 37 Folsh AJ&T
(A2 E 24 mg/kg+L-theanine 2 mg/kg -, S5AF%F5 24
mg/kg+L-theanine 4 mg/kg )¢ % 67 T2 10w}2]4 1}
ol s AABIITGE T #an). AlEAR SA5FE5/L-
theanine 532 mouse?] 19 & AHF-S wEsl] 8
of Fo] 371 Fofeict. vk AE A=Erket 221 gloflar

e 220 el AFE e,

BT

=
.
ek

OILZ0|= HIE} 1-429| FQ|

Ketamine hydrochloride/xylazine hydrochloride® v} 3t Tk
S, stereotaxic instrument(Stoelting, IL, USA)E ©]&-3}¢]
bregma®FE FZ° % 1.0mm, ¥%°% 1.0mm, 25mm &
ol9] S¥a& opdZo|= e}l 1-42(BACHEM, Germany)s
et opd o)™ wel 142 o] 4Uxof| PBSef| 597
37°ColA Bt &8 F=d ¥, 2 Mg/mousel] §%

1 w/min®] 122 3 WE FA vk, & FEes AP b
T2 WA 3 L A A AEE obdRo] = H

B} 142 o 3 3 Fof AAE]e}

T=3|L|A|&] (Passive avoidance test)

ul9-22] 7195-& 57371 $1819] step through “§3](Med
ABEE 2 AE associated Inc., VT, USAYE AMESIIT), 32 uhy gl&2
A 858 F71 ICR v-AE SHAETEE)RFE 74 T o R AdE AAH4x13X10 cm) 2 ¥R 7 mm gk
3o, 153 TIAIFEA NS BRI, AleS 59 ZAOF grid} AAHo] glor o} Fg xR} Fiole dF7T &
3o 7A7SE A whe Adsto] ARSI AR FE 2 Fo e}, A E gk HEo| o nfgro] ofFg-
E I-5%45F%FE 9 Ltheanine 5o AR5 MNA AP #4, 5o s% 2 &8
- - - Amyloid beta &% BAFEEE T Theanine &%
3 = = 7
B Ch e &= ID (mg/mouse) (mg/kg) (mg/kg)
Vehicle( %) Male 10 1~10 0 0 0
Amyloid beta (AB) Male 10 11~20 2 0 0
AP+ 2B E(AEE) Ml 10 21~30 2 12 0
AP+ A2 E(LEE Male 10 31~40 2 24 0
AP+ RS E(A 5w Male 10 41~50 2 24 2
Ap+E R Male 10 50~60 2 24 4
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O R THE AR Qleto] o oR HA7R=H ofW
AFE 253 04mAR 527 30] mouse?} thA] Bhe Lo
2 A7 =S 24803 Fof] wieAE 919} 2 ARb
Z B8R 3ol o Ao Mr|ad® Qate] ARl 7 H
o S0k ¢k Hrt, olu) Bk BEe AFshs ARHE
o] 180, cut off time)S 573k 719 2] A (marker)=E 4t

e,

TZ0|2A|8 (Water maze test)

Hlo] Fof n|x|#] ¢k Apdel Zho]E dX|ska 98 Y
AFE 100 cm, 0] 35 cm)oll &5 22~25°Co] B8 %A%
A 1em 57 A9l A8AE Yol nigo] Bix)#] oA
TRET} ERAL] St ol BAFAE 45 cm, 0] 14.5 cm)
< SRR, veE S ATA Aok d7] Ss A 3R
55 oA b= g2t 4 $ EAES 3ol 74
7hA] Q¥ = AR AR, FEE S8t 7199 A%
(marken)Z 4F9kT}. 5%5%&/L-theanine S 353} Fof 3}
training trialEoll $73to] S-S Foprks 58S Alds)
%t} Training ©]F- opgZo|= WERE: Fojalar 3 5 vke-A
o] 7198 SAs] flste] FEu|EAAAE o] &3t vk
7} A5 =gt AR AR, S5 S Test trial
& F 66U 1Y 131¥ F 63] ARSIl

g Y HE

xoka] AY F ul9-AE chloroform® & vl A7l & PBS
2 perfusiondto] HE AASSILE. Braing 4% 5 -20°Cel
A d9 3 o= 3] (cortex)?} 3vihippocampus)E. &2 5}
extraction buffer & 50~100 WE Yol A3 F HF Fu
7} 1mle] ¥|5% extraction buffers 713l & vortexst ¥ 2A17F
B 4°CAA lysisAlF L. o17]e] Hkgo] Ty Al85E 15ml
tubeol] Ho} 354 53 £<1 vortex 31l 4°C 15,000 rpmellA] 15

$7r QR) S 9989 F, AR Askch.

Secretase £ 24

vl 1 9] 38 (cortex)T SmH(hippocampus)oIA] oE
= B, y)-secretase A EE 5457 915+, aw(@EE B, v)-
secretase activity kit(R&D systems, Wiesbaden, Germany)S-
o] 43131t} Black 96-microwell platee] 50 wW/e] Z%] sample
lysateZ 237 50 p/9) reaction buffer?} 41 3, reporter= A
EDANS/DABCYL7} 3198 714 5 pis F71slo] 242 3A 41
o] & & 37°CollA 1A13F WS- AT Reporterq! EDANS/
DABCYLS a(F:: B, y)-secretaseol] 23] 2z 3348 ve}
WA ¥aL, FgE8AE 01835k Ex/Em 355/510 nm 310

2 PP EE 3G90} a(EE B, y)-secretase A £

fluorometric reaction® = fluorescence unit TS ARE3lo] 1)
ERACE

OlUZ0|= HIE} 1-429] M2

ofgzol= el 1-429) %S Amyloid beta 1-42 assay kit
(Immuno- Biological Laboratories Co., Ltd., Japan)g ©]-&3}o]
AAEIer. 1reks] Awshd, HE diE ]l djuts vrol
oo chillzl &5 100 weE 78 96-well microplatecl] €L
4°CoA 35k FoF HRS-A| AT 1 5 washing buffer® A%
3 3, FAE A fOS Wil 4°CoA AZE EQE of -
ol H-gAIZTE ThAl MlH %, chromogens F7Fskal Aol
Al 30 51 of - 3ol WESAIZITE 18] 3L vhA] stop &

& 9l 450 nmelN FEE SISl

ZEXE| Y OIUZ0|= SX|, MZA} A ok

ue-AE o H 2R ulF F 17 A9l 4% paraformaldehyde
2 A 3FE el 2 % HE AEsto] 1] sk
F9F 114 ¥ cryptoprotections #1517 30% sucrose 2]
48A17F 31E skvk argo] #d 24 Optimal Cutting
Temperature(OCT) compound & -70°Colx] & - microtome
< o]&3sto] 40 ume] AR 24 A3vh 1 F DAB WY ¢
g Sl 24E 0.01M PBS £ o]&3te] 524 3 A 5,
endogenous peroxidaseZ blocking 3}7] 9135+ 3% hydrogen
peroxide ©.% 1521k RH&A|7|3L FAIE 3H3ITE 21§ 10%
BSA & AF2-o)lA &+ A|7F blocking 3FAt}. Blocking solution
< AAS $ 0.01M PBS & 3)A{gh & o} Zo|= Hel 142
(1:100 dilution, Covance, USA)E 4°Col|A] 3FE<) BH-&-A)Z]
t}. 3% A& AA3S)1, biotinylated goat anti-rabbit IgG
02 A2oflx] AR W--A1Z] ¥, avidin-conjugated peroxidase
complex(ABC kit, 1:200 dilution, Vector Laboratories)= 30
3 WA} 994 F 3,3 -diaminobenzidine tetrahydrochloride
(DAB, 0.02%)= 238 A Zct.

I3l AlZEAF S-S 918l TUNEL assayS A48k}
7Veks] dald %222 4% paraformaldehyde £ 0 & 15~
25°CollA] 200-7F 1173 3 PBS gl o2 3057 AlFEsit)
Permeabilisation solution(0.1% Trition X-100, 0.1% Sodium
citrate) 2 2 2~8°CellA 227} incubation$t ¥~ Enzyme solution
(vial 1) 50 pk&- 450 w(Label solution)ol] o] & 317} 500 pl
7¢ EA o] 2F Aol A Eujate] 37°ColA] 1AIkE
HES-A171 3 DAPI(4, 2-diamino-2-phenylindole)3dAjeko 2 15

wAE RESAIAN BSlssint.

BN

SAl

AT AA = one-way AVOVAR H-A1slo] 8 24
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TS3[maEoIM ofl=0|= HIEIR R=E 7|22 ANl ChSt =
XFEE/L-theanine E&29| 7[YY s|5s5 &7t

opdEo|= wele] &k 7|o)s Aéfe} HA15E=/L-theanine
o] R ayE fEeby] Qe obdzo|= HiE 142 Fof 3%
T w2 E step through 3ol Gil of 78 IAIE Fol7}
W A7 hTE = F vhy B Rl o ARE &
PP Al AR F510] 719 HEE SEsich
it e W A7xTE 7198 o T AR &
7Hz A17H26.8+3.0 sec)©] training WHTE HA|E] S8
L, opdzo| = HEl 1-42 FoiwhS B ARkl BlE Al
(13.0£2.7 sec)o] dAs] Holx 7198 o] FEEHS
BRIEE 4= %ML, olell sl Ak FEE(12, 24 mgkg)S F
18 T2 AANAZH19.7+6.2, 27.4+6.8 sec)o] &5 S]EA O
S7ksto] epdzol= HlekE feg 7]19Y &gl thsto
WAEar) 3-8 Elgh 4= QJ3Mr}. &gt L-theanine(2, 4 mg/
kg)tt &3 Aol SAEEE Foid TR O 2
71918 8% 79429.3+12.2, 32.5+8.6 sec)s HERo] 7|29
el gigk gt leS BRIE  Ua EEel o
3 g} HAFEES GEo R AYsSe v B AsE
A 6%(1.9 sec), 5N ©F 18%(5.1 sec) # Z7 a3tk
(Fig. 1).
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Passive Avoidance test
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Q25
® 20
15 | I
10 |
s |
o L i S n
. * . . *
. . 12 24 24

+ Ay gy 2 pgimouse
24  Green tea extract mg/kg

2 4 L-theanine mg/kg

Fig. 1 - Improving effects of combination of green tea extract (GTE)
and L-theanine on Ap;4y-induced memory impairment
using step through type passive avoidance performance
test. The mice fed drinking water containing GTE (12, 24
mg/kg) and L-theanine (2, 4 mg/kg) and combination for 3
weeks. The passive avoidance performance test was then
performed after 3 days of injection Af;,, to induce
memory impairment. Mice were given electric shock when
entered dark room in training trial. After 24 hr of the trial,
the retention time was recorded. Each value represents
mean+S.E.
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9 A7t 2ot oAl dA s olE B IAE 7
o] VRS gRIT o U8 3 & S At
ERES Folrled] et AR 185+1.2 sec, ©1EA7] 413.0
44.7 cmE 71Z31 0, opd 20| = e} Fol-E H ARt
33+34 sec, %571 653+7L1cmE 7]E3lo] FAFE xjol=
e Sl olef digte] A} FEE Fo17(30.3£5.7 sec,
580.1+116.2 cm and 25.7+4.2 sec, 492.5+81.1 cm) %! Z35&
F-o]7+(18.8+2.1 sec, 395.9+44.9 cm and 17.1+3.1 sec, 379.9+
82.4 cm)S- oY RO|E Fof Fof| &) 53} FEE-S ol
A 37%, EFEE s 50% AR 5 oExow 7t

e

5N

(o3

T o7

—

Swlmmmg Time B Control (Vehicle-PBS injection)

O Ap1-42 2 pgimouse only

40 W AR+ Green Tea Extract 12 mgikg

B AR+ Green Tea Extract 24 mg/kg

B AP + Green Tea Extract 24 mg/kg
+ L-Theanine 2 mg'kg

B AR + Green Tea Extract 24 mg/kg
+ L-Theanine 4 mglkg

escape latency (sec)

4day Sday 6day

W Control (Vehicle-PBS injection)

wimming Distan
8 g Distance O Ap1-42 2 ug/mouse only

800 M Afi + Green Tea Extract 12 mglkg

700 @ Afl + Green Tea Extract 24 mg/kg
2 A + Green Tea Extract 24 mg/kg

600 + L-Theanine 2 mg/kg

8 Afi + Green Tea Extract 24 mglkg
+ L-Theanine 4 mg/kg

escape latency (cm)

ay 3day 4day 5S5day 6day

Fig. 2 - Improving effects of combination of green tea extract (GTE)
and L-theanine on AP, j-induced memory impairment
using water maze test. The mice fed drinking water
containing GTE (12, 24 mg/kg) and L-theanine (2, 4 mg/kg)
and combination for 3 weeks. Mice were given training 3
times a day for 3 days. The maze test was then performed
1 times a day for 6 days after 3 days of injection A, 4 to
induce memory impairment. The latency time and distance
were recorded. Each value represents mean+S.E. *p<
0.05 and **p<0.01 indicate significantly different from
AB, 4, treated control.
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a3 71990 oH skl Qe ER1E  ASITHFig. 2). "
0
- + * + + + Afy g 2 poimouse
OFU=OIC HIE REE OFUEOIC HE SX0| Ciet SRSEES/ Sl et
L-theanine?| 2X|ls Sz} . .. L
N R o - Fig. 3 — Inhibitory effects of combination of green tea extract (GTE)
A% =/L-theanine®] {145 A &}e] ofyZo|= o and L-theanine on A, s-induced A, 4, level in cortex and
Wz whEeko] Wkl o] B AJAE Fsy] Ysle] u) hippocampus in mice. The mice fed drinking water

containing GTE (12, 24 mg/kg) and L-theanine (2, 4 mg/kg)
and combination for 3 weeks and injected A, 4, to induce

T 5, opd=ol|= HEg} 1-42 A% 7]E (Immnuno- B1olog1cal Co memory impairment and then AB,_y, level was measured in

ola= o ol each brain region. Each value represents mean+S.E.
Ltd, Japan)Z ©1g3}e] = T opUROl= Wiek 1429) FS *»< 0.05 and *¥p<0.01 indicate significantly different from

AB, 4, treated control.

SFefSich, oI wiet Bl ARE A 8 S

=
T 2S5 Folst 7+ 2 L-theanine S3HE Fol 3}

Control Ap + GTE 12 mg/kg Ap + GTE 24 mg/kg

250

200

size of amyloid burden (umZ)

AB + GTE 24 mg/kg AB + GTE 24 mg/kg oot Ahaedigimouse

+ L-theanine 2 mg/kg + L-theanine 4 mg/kg oo :‘ i‘ fi:::::;::mm

Fig. 4 — Inhibitory effects of combination of green tea extract (GTE) and L-theanine on A, 4,-induced Ap, 4, accumulation in hippocampus in

mice. The mice fed drinking water containing GTE (12, 24 mg/kg) and L-theanine (2, 4 mg/kg) and combination for 3 weeks and
injected AR, to induce memory impairment and then immunostaining was done. The each panel representatives each 6 group.
Arrow indicated A _4,. Scale bar: 200 um. For quantification, size of amyloid burdens was analyzed by using image analyzer (randomly
selected three mouse of each group). Each value represents mean+S.E. *»<0.05 and *¥»<0.01 indicate significantly different from
AB, 4, treated control.
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theanine™2] E3H=2] Fo= Q& 7HA3IGITHFg. 3).

A ¥ A7 z2A—ox] ohd o= wlele] 48 gklEly|
fate] mke-8] HE AEste] AR 94l Fnke vhe
% immunohistochemistry & o]8-5to] &3 A3}, oy
z2ole Hlee] 4 Hurt AlsE Ash] ok St
w2 5EETHE FoIeh - 9 L-theanine TE-E 2] Wil
ofdEol= HE} 1-420] Foi= Q3| 715k ofdRol= wE} 1-
42°] A W FAo] 52525 W L-theanine 7] EFHE-C]
Fol= sl AAsltkFig. 4).

ofz=2o|= HEIZ R H secretase EA ZH

opd ol ez wheeke] 714} e} obd o= A3/
ot a4 Wslel st ZIAE Fletr] 98]
secretase ZAJS 733tk ofd 2o = WEH: beta-3 9
secretase £ v} 2 A FofN FAEdHA SR @A
IA 114%, 3liupiolr] 157%)°] ¥R on o]Z lsto] obd
2o|& wle} Aol AA S7FE 7 lgol HeRlar, AL
2 gamma o= A YIS T4 25 I et
sAFEE Y Fojte = Sk

L-theanine¥} 2] &3+&
secretase?] 0] IAI(AB FoIw dn] I1WRAA 20%, 3
mhEol A 20% A Hglom A n] Foly FFEOR 83
=3 HFig. 5).
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AAXEATL m25EE U L-theanine 25HE2] FoZ Qs
A8 EAsiarl E3kE ol Al a1 JA VERITHFg. 6).
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6541 o1d0] walolA T2 wrgshs Wglol). dxslole] 3
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Fig. 5 — Inhibitory effects of combination of green tea extract (GTE) and L-theanine on the A, 4-induced secretase activities in cortex and
hippocampus in mice. The mice fed drinking water containing GTE (12, 24 mg/kg) and L-theanine (2, 4 mg/kg) and combination for
3 weeks and injected AB; 45 to induce memory impairment and then secretase activities was measured. Effect of combination of GTE
and L-theanine on secretase activities in the mice cortex (A) and hippocampus (B). Secretase activities were presented by the unit
enzyme activity per protein of each part of brain (nM/min/mg) as described in materials and methods. Each value represents

mean=+S.E.
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Fig. 6 — Inhibitory effects of combination of green tea extract (GTE) and L-theanine on the AP, j-induced apoptosis in the mice brain.
The mice fed drinking water containing GTE (12, 24 mg/kg) and L-theanine (2, 4 mg/kg) and combination for 3 weeks and injected
AB,_4 to induce memory impairment. Apoptotic cell death was determined by DAPI staining and TUNEL assay as described in
materials and methods. Scale bar: 100 um. For quantification, 200 cells at 3 randomly selected areas were assessed, and the apoptotic
index was determined as the number of TUNEL-positive stained cells divided by the DAPI-positive total cell number counted % 100.
Each value represents mean=+S.E. **»<0.01 indicate significantly different from Ap, 4, treated control.
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