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Glutamate Transporter Mediated Increase of Antitumor Activity
by Theanine, an Amino Acid in Green Tea
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We have confirmed that theanine, a major amino acid in green tea, enhances the antitumor activity of doxorubicin
(DOX) without an increase in DOX-induced side effects. We believe that the action of theanine is due to decreases in
glutamate uptake via inhibition of the glutamate transporter, intracellular glutathione (GSH) synthesis, GS-DOX con-
jugate level, and subsequent extracellular transport of GS-DOX by the MRP5/GS-X pump. To increase the clinical
usefulness of theanine, we examined its effects on the antitumor activity of cisplatin and irinotecan (CPT-11), which a
known to be transported by the efflux system related to MRP. Cisplatin decreased tumor volume in M5076 tumor-bear-
ing mice. Furthermore, the combination of theanine with cisplatin increased the decrease in tumor volume as compared
with the cisplatin-alone group. Tumor volume in the CPT—11-alone group did not show a decrease, but the combination
of theanine with CPT-11 significantly reduced tumor volume. The concentration of cisplatin in the tumor was sig-
nificantly increased by combination with theanine, and thus we assume that it correlated with the enhancement on the
antitumor activity of theanine. On the other hand, changes in drug concentrations with theanine were not observed in
normal tissues, but rather it is indicated that theanine tends to reduce their concentrations. Therefore theanine enhances
the antitumor activity not only of DOX but also of cisplatin or CPT-11.
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Fig. 1. Structure of Theanine

ISR E W B 5 OBRETTHON TN S DAT
bV, TOMOEREIZOVWTIIAHTH S, i
I theanine 7%, ¥ifiEi% %K Doxorubicin (DOX) D
JEJE TO DOX IREZHERF 92 Z £IZHL D DOX D
DU AR (EHA RIS O R, B
fil, THEEEORR 2759 a5 MNTL
T&E.29 3512, theanine N7 )L % I VA E
HKTHBHIZELD, RIEAN glutamate transporter
#4923 EERL,9 theanine 7% glutamate trans-
porter @ isoform T& % GLAST XU GLT-1 % [H
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&, glutamate Bt D A AKX K IT K % glutamate 7 %t
H LT 5N GSH &g, DOX @ GSH il &
KTH 5 GS-DOX i & K&K T, MRP5/GS-X
pump % 73 S Ml st N D GS-DOX i &k HE K
TICEVEETODOX RELERZBLET L%
HHSMIZLZ. P LU, theanine DR 4 1413
2<MFINTHEST, AHTEREHICBITLEZD
REFIEL TOWBNEIPDIARHTHS, £ZT
theanine D EFH N DM ZMit 92 & & BT,
theanine DEM A 71 = XL IL TR U 7= HifE
B HNZ X9 % theanine DHEZBH S NITL, &
DB CILE S EERICH 2 His U 72 R B HL D vl e
PEEf- T,
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1. ZE  Theanine I3, HELRI DAL
7z. Cisplatin (J > %) KU CPT-11 (hKRT
) BENENHAMEROE -SEEIOEAL
z. TOMOMEL, AFTELIHROMEDOSND
DZEZOREMAL, HEFITH > THEL THWZ.

2. XE#Y  BDF, RMEME~YI R (SH%
2025¢) 1¥, HAZZATZN S —WLOBALLD
DEMH L. B, =i 25+1°C, B 55+5
BIZTEHEL, HEERRER SKIZEHIZER .

3. Theanine DH#STH YU AOEEHLT
IZ M5076 ovarian sarcoma (5 X 105 cells/animal)
EREAATT CRBIES & Uz, BAE 20 HR O
X ZIZ theanine 10 mg/kg & NG L, 5
1, 4, 8 RFfE PR ICHESS, Ok, HFIEZfFH L7z, 10
mM V) EEREER (pH 7.8) I THAMBD 10% R
TR — MRZRAEE, 1,200212T 1545 F"ﬂl_iuﬁ
BEL, BEEATZ2T74)%— (0.2um) |
BiE L7~ &Rk O theanine L, #%iE '5 D
HIEDIZHEY, theanine & o- 74 )L 7 )7 & RifE
K& U7, HPLCIZTTCHr#E - WIE (Ex: 340 nm,
Em: 450 nm) L /z.

4. CPT-11 K U Cisplatin DHEB R (CH T
% Theanine ) & & 9 &0 B2 K i M5076 ovarian
sarcoma % 5X 105 cells/animal # 4 U E R EE & L
7= < 7 212 cisplatin (2.0 mg/kg/day X 4 days, i.p.)
# L <1& CPT-11 (10 mg/kg/day X4 days, i.p.) %
B®HE 19, 21, 23, 25 H#%IZ, theanine (10 mg/kg/
day X4 days, i.p.) ZFHH 20, 22, 24, 26 HZIZI% 5

U7z, %5 F 20 TG 0t 2 31E L,
HEEEBEEZEH UL, BME27 HEIC, 5,
O, Bl iR, Bz fE, EEEEREL, E
B /8 L O cisplatin £ U8 CPT-11 O HifEEzIH &
theanine O Hf H %N R 2 HE 9 % & HITHKHEMBEF O
cisplatin &z O8 CPT-11 L ~N)L % PR i5: J OV
HEFICTHIEL /2.
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1. Theanine DS  MS076 #HIE< 7 X
D theanine ¢ 5-% O EJE, LMk, & O thea-
nine J#E % Fig. 2 IZ/RT. JEEHICTHB W TII thea-
nine [ H-id, CGIEICHNSREFELTHO, Hl
EMEREEEZ R U, —7, DIRICBWTIERE
8 FFHIE TG D 11% & RT DA /-,

2. CPT-11 K U Cisplatin O fEEZHR(CH T
% Theanine D FZ 2  MS5076 fHIE <X 7 A N D
cisplatin # L < 1% CPT-11 & theanine O K8 # 5
iR DA~ G B 1 X Dkl 28 {k % Fig. 3 (A) IZ/R
9. R A DRI L 7228, AREIREICIE
cisplatin it G #HTIZ 2> b O — )LD 54%,
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Fig. 2. Theanine Concentration in the Tissues of M5076
Ovarian Sarcoma-Bearing Mice
Theanine (10 mg/kg) are intraperitoneally injected. Each point is the
mean £ SD of 3-4 mice. O: Tumor, <: Liver and O: Heart.
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Cisplatin # L < 1Z CPT-11 # 5 T O[5 = 21
DN XS S theanine DEM] % Fig. 3(B)IZRT.
Control B OEEEREIZ 0.941£0.23 ¢ TH > =M,
cisplatin B 58 T3 0.58£0.21 g & 72 0 iH/AME
M%) L 7=, T2 theanine Z ff il U /= & Tl &
5 H 213 control B ® 23% ( p<<0.001 vs control
level) IZHEICHA L, MEEHE/NDFIT B 57
D2.0f5%mR UK. —75, CPT-11 Bl TIIES
fia /NIRRT E A ERD 5N > 7273, theanine
ORI X D IS E SIS control BED 39% &R~ L /-,

Jif s sk EE & Table 1 127:9. Cisplatin Bl
¥ 5812 L X theanine #f F 13 cisplatin JE & % 1.5
% (p<0.001) ICHEIC ERI®Z. —J, CPT-
11 5 H T2 O JEE iR theanine Of I &
DEMEM Z R L =B R TEEr>7/=. —4, 1IE
H ALK T H B AT B\ T cisplatin & B 13 thea-
nine ffHIT K 2 EIIRO s N> 273, Bl
CBNWTIEIAERED (p<0.05) Z/RL7%. CPT
11 EBEIIWTNOMICB W TS theanine I
KBEENIRD SN o k.

% £

Theanine 77 glutamate transporter & tX MRP/GS
=X pump % J1 U CTHiEEH DOX O HiEE S HE =
BT B ZENHLMICROTVND I ELD, [k
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DRI OMEF RO Y U —XEINSHEEHT
% theanine DR MNHIFHFTE 5. T I TR WHIHE
B E IR WHIER X X7 MV EFEOHIEREAITH
D, EERREE THRH I NS cisplatin & theanine D
pEHZHRA D & EDHIC, prodrug THS CPT-11 &
theanine DBt H 7l A, theanine DF ALK E Z
NS HUEB A OIR RN ARG K 2 il A7z

Control . Cisplatin Cisplatin CPT-11 CPT-11
+Theanine +Theanine

Fig. 3. Effects of Theanine on the Antitumor Activity of
Cisplatin and CPT-11 against M5076 Ovarian Sarcoma

Cisplatin (2.0 mg/kg/day) or CPT-11 (10 mg/kg/day), and theanine
(10 mg/kg/day) are intraperitoneally injected for 4 days. (A) Tumor size
was calculated as aXb2/2 (a: long diameter, b: short diameter) and ex-
pressed in cm3. Each point is the mean of 6-8 mice with no more than 10%
variation between them. O: Control, O: Cisplatin, l: Cisplatin + Theanine,
A: CPT-11 and A: CPT-11+Theanine. (B) Each column is the mean=+SD
of 6-8 mice. Significant differences from the level of control are indicated by
a) p<0.001 and b) p<<0.01.

Table 1. Effects of Theanine on Cisplatin and CPT-11 Concentrations in the Tumor and Normal Tissues of Mice

Cisplatin or CPT-11 concentrations

Tumor Liver Kidney Lung Heart
Cisplatin 0.34+0.03 1.69+0.17 1.50+0.15
Cisplatin + theanine 0.51+0.079 1.57+0.18 1.34+0.102 (ug/g tissue)
CPT-11 0.68+0.56 85.7+27.0 25.3+£18.6 2.0+0.8 34.4+19.9
CPT-11 +theanine 1.00+0.62 69.7+24.6 23.2+10.1 1.3£1.8 34.0+20.8

(ng/g tissue)

Each value is the mean = SD (n=6-8). Significant differences from the level of cisplatin—alone group are indicated by @) p<0.001 and b) p<0.05.
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Theanine O I/EHIZMRERZFLITTTHONT
WBIDAY, DM ORI T SIEHIZEE 50
FEAIICHRET L TV 129 E7aW0n. 277 2 O HLRk D 1
IR RBREZEEL TWE 20, BOBRGRO
EEBRIKTONMICRSNTH O, 12 KRZEZETO
e < BRE I TWRW, FUEER O R
ZEY 5 BT, $hREHIETDH % theanine D i
BTOSMIBATHY, AHEZEMTZRITH
WTHEHETHS. Figure 2 1ZRmLIzEDIcHkE5%
8 IFfi] LANIZ 3 W TP theanine L )L 3 AT fik
Ol EE N 2R U7z, M5076 5 I FEH
L TW % glutamate transporter isoform |3 GLAST
& GLT-1 T&® D, theanine |Z Z @ isoform 29"
ZHEFEMEMANRN C EAREREIN TS, © Thea-
nine |3 glutamate FEARTH 5720, Z OHFIIH
EHHETHDH EBEZAHNS. 975, theanine
¥ GLAST & GLT-1 iIZEMENE <, Zh b
transporter IZ X D fifdNICimt I Ns 2 & &
%, O — 5 1T JE I H Ak oD A e Pl X R — VIR R R A
LD KEL, HEEMRIANIC theanine 1T L 72 <
THENT LOEGMIBITENS <725 I END
5. LnLians, ElRd & SIT theanine 135
HICRIT T2 2 EMNinvitro TBVWTRENTH
0, HUEEFOMRERE WS RN S HERIC
EEMicEirLzb0EEZND. —F, I
ik, OB & Vo R IEEMEERIC AL TV S gluta-
mate transporter isoform {3 EAAC1 & EAAT4 T
% 5. Theanine 1T & % glutamate #i % fH 2 2% 1F &
HBTIZIFEAEEUBRNWZ LD, theanine D
N5 isoform NOFHFMEIZME <, MIEAN D thea-
nine D E bRV EEZ SN, I NS HEB
isoform D& WNIZ X U JEH theanine IR A5 < 72
ST EHERITE S, —RAVITHREE ORLRE N DEERYIE
D & 2 FEPLIINIACHHLRE T D 2 g A 91T 5
&3 2 MEAICH D, DOX, cisplatin, CPT-11 & W
SEHEERBEETH S, Tabb, HiEEsE
B A E BT H AR O IEYRE DS D S
¥ 5. Theanine DR AEN N &34
<HizoTna Z &1 DOX OFINER BT 2t iz
WHIEB R IE R 2 T2 L TEMTHD EE X
% . Theanine |35/ fg 0 5 D DOX D i Hi & #lI
#l9 5. ZOMEMIZHIETTO DOX REICHT %
theanine JEENRKENWHENK D ETHBET S L&

Z60, FRBRIOEFEHEMIOEREHITENT
KREWZELEFHSNTH B EEHIT, FUEEFIOH
1 % theanine MR L W —KHTH D EEZ D
nas.

ZD XS ITHERNICIESE H1253 4 L /= theanine I3,
DOX LI D FiEBEAICBWTHAENMEE R L 7=
In vivo IZB W T, theanine Hf FH BEIE AL ~F I J5 5
X3 cisplatin B % G #I2K U TR T 5 &3k
2, EBEED 23% (p<0.001) ITE THEITH
/U 7=. Cisplatin BL % 5. O 5 H cisplatin 2
FE/N theanine FFRAICK D EBICER LI END,
theanine 723 E 5 1 O cisplatin @2 FH I B 5% Z
LT KD cisplatin DHIEFELREHBL 7= &F A
53N 7=, Cisplatin |Z MRP/GS-X pump Z 41 L THi
fansHEHEISNS ZENH SN TPH Y, theanine D
BERICEKD LB R SN /z 2 &1, theanine
DYER A 7 = X LNTIEI U 72 R 7 B 5 ) R s
HEnboLBbnk. —F, CPT-11 i 53
TREEZEEENHD LMo /DXL, theanine
OERBE TR Y XI5 & &bic,
EEEN CPT-11 BB G5H O 39% (p<0.01) iZ
FTHZIZHE A LU=, CPT-11 1% prodrug TH 0,
PUBBPEIIIEEAKR T H 5 SN-38 IT{kFT 5. SN
-38 OEHEIL CPT-11 OFREZE KL THD, D &5
A Tld7a < EW# ik [T 9 % theanine D fF
MZHRT DD, CPT-11REZHTEL 2.
Theanine ff F1IZ K U HilEBE R IR PR 2721
LM MND 5T CPT-11 OEEEN LA MEMZ R L /=
H OO cisplatin ® X 5 ICH B RMHMARE LA 2R
Sanozl XD, 5%, REPMELZORE
MIZEEE AL ETH 2D EEAZ 5N SN, MRP/GS-
X pump 24T 720 CPT-11 EDOPHHIZB VT H I
JE 5 %0 5 D B3R % theanine TH /=5 SN/ T &1
ZTOHAMERERTOOEEDNS. UEDXKD
IZ theanine 2 & % HilE 5 A D %) 2R #1E DOX IZ
RoN7=dbDTida<, FAkORKICE DML D
V=2 SN HEEAZ2RERILHTHEETES
AIHEMEDVRIR S N7z,

PLEREZ R OHE®E HI & L /& biochemical
modulation (2B WT, FUEEF D ¥ 73 55 HE
DHEST, EFEMECBVWTS ERLEZES, b
JEB A ORIER R SN EEENH S, Ll
BAS, FWO LS 12 DOX & ORRIZBNT,
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theanine |32 D EIEH 2T L A8 S & 2 wJREMEN
RENT.2 4 E, theanine & @ fHf FH 2 ik & /=
cisplatin TIZB &=, CPT-11 TIIFEERHLEE
RELEDORMERNEEE/R> Twd, Cisplatin
& theanine Z fif i L 72 B%, B & O cisplatin J2 B
124> U, theanine 73 cisplatin @ & 3 It % B T
LA TE . ZoLDIT, HEE i
D IE % L #%1T 3B W T theanine 23HEEFEE 2
HEY, WK TFEAZRLEZ & BATHRO gluta-
mate transporter D JEF isoform DE WL D FHT 5
Z EHHK D, Glutamate transporter FH 2 #1213
isoform R B PEAIH U, theanine 1T M5076 #il fa 12
B L TWwb GLAST, GLT-1 IZEftknEin, —
5, HFEDME LY isoform 123 U TR D%
K DOEFELEIZE L A glutamate #5352 JLHET 5 Z &8
HBHENRBINTHBD, W ZDOHAEN theanine
Of R O IE Ak C4E U2 nlfetEniE 2 s k.
Fiz, CPT-11IZBN0WTH, Hig=iZ D ELH
TE R C B 5 & theanine ff F#ED CPT-11
EEICAEE 21372 <, theanine ff 12 & D BIWE A
oL ey YN A AN AR5 o gl

L E X O, theanine |3 IF & fH %% T @ cisplatin,
CPT-11 BEIT LR S8, 5T OFUEEAIRE
DH%ELEAIGEZZET, PEEREZHEEL )
5HEIEAIIH®EET, OULARBT DEAND S
ZEMHENER S, TbE, DOX D& &
[@#£1Z theanine 3 cisplatin, CPT-11 iIZ%f L THH
Fl 72 modulator TdH % Z & AI/RM I3 /=. Thea-
nine IR EFICERNWIIE TN TI /B TH
0, BROBIUCEZ > THZOREN I TE
5. FRAELIRERICK L theanine 13K 2% & XN T
B0, —~EOKMIZ 10g BEMMT2DT, HH
213 200mg £72%. 1 H 3 [EOEKAT 600mg, 10
mg/kg ZEBWT B L ERD, SROBRGEER
%, VEEFEEUT K 2 BRI AR S 8 R 3R = 5
i B D K % D 720 Quality of Life &+ 430125

BUEEZRRETEZ2HDOTHD, BRBGICH
RIS R NS,
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