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BE  AFRL-Z 2B AR5 a9 PR 4P VE R R AU, )R Ho009 5 69 LO2AT 4a oA 4
AR A RAMTTHRAE N e e /7% & . MZLDH. A X 280 R4 4028 =% . Western blotik 45
M|Caspase-3F2PARP% &) £ ik & Bax/Bel-2 b1 89 B AL, 1P L-FBBR 2 T fetR 37 H,0, 35 5 49 I 40 i
B, 5RRP, L-ZRB AR SH0 B4 49L0248 i 4575 %, i, LDH& 5k, 1A @i A =,
B L-Z% 2 B2 38 it 47 ) Caspase-3 49 50 7% A2 PARP 9 47 %] & Bax/Bcl-2 b AR 49 H & f L AR50 A T 6916 A .
L-Z 2B AT T m e AR 45 — 2 6476 77 Ao AR P AR A
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Protective Effect and the Mechanism of L-theanine Against H,O,
Induced Injury in L02 Cells

Li Guilan', Kang Jingjing’, Yin Zhimin**
(‘College of Animal Science and Technology, Shanxi Agricultural University, Taigu 030801, China; *Jiangsu Province Key Laboratory
for Molecular and Medicine Biotechnology, College of Life Science, Nanjing Normal University, Nanjing 210046, China)

Abstract
against hepatocyte injury. The human hepatic L02 cells injured by H,O, were used as a cell model. The protective

The object of this study was to explore the protective effect and the mechanism of L-theanine

effect of L-theanine against H,O,-induced hepatocyte injury was evaluated by MTT determination for cell viability,
LDH assay, using flow cytometry for apoptosis rate and Western blot for protein expression of Caspase-3, PARP
and the ratio of Bax/Bcl-2. The results showed that L-theanine attenuated the cell viability loss and LDH release
induced by H,0,, and prevented L02 cells from H,O,-induced cell apoptosis. In addition, L-theanine mediated the
anti-apotosis role by decreasing Caspase-3 activation, PARP cleave and Bax/Bcl-2 ratio. In conclusion, L-theanine
helps to protect and cure the hepatocyte injury.

Key words L-theanine; H,O,; L02 cells; protective effect
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L- R ARt 2 s T ) — R R R IR, BAT R
PO LA PO BUBE PRI Rk R X JH I
P55 2 M AE s RS, SR A 4 RRIEH
I Lo BIFFE N, L2 O 22 il s |2 iy o
2840 M S A5 A7 DR AP A TS, ORGP LR 5 0
PUAEA TG P R O T A A DG JH A 5 A 1 o
T H ARG B0 T, 9 T R Bel-2 R 9 T2 A
T Bax/E 40 M T R A AR . AW SR ]
Ho O, I F T L 0241 i A5E 284 Sk Al ST L- 25 28 1R X H 0,155
3 1R JHE 0 45340 PR D 37 4 T, A 1 WL 25 R 10
DRAP AR LB SR AL B AR

1 MRS
1.1 EZ=RF

Polyclonal antibody against pro-caspase3. PARP.
Bax. B-Actin)i¥ H Cell Signaling Technology /A 7 (Bev-
erly, MA, USA); antibody against Bel-2JiJ H Signaling
Antibody Biotechnology /A #]; Rabbit monoclonal an-
tibody against GAPDHJ H # i#{Bioworld =¥ R F
FR 22 7] ; Western blotfT H — 1341 H 2 [E] Calbiochem
Iy Fe L-7% % 1% (L-theanine, CAS: 3081-61-6, 4l /i
=99%, HPLC). 3-(4,5-WEM:-2)-2,5- — SR KL U S M i
HMTT)W A 3% [HSigma A 7]; LDHI & 71 &% B
i R E ) TR BR A H]
1.2 ZARRtRFNIESE IR

IE & 40 AR L0200 18 o [ B 27 e LA
i RLEERE BN M ) 737 °C 5% COL%AF T, H
E10%/If 2 1ML 3 (fetal bovine serum, FBS)FIHT A4 2
(100 U/mL75 7% % #1100 pg/mL4% % %) DMEM5¢E
AR IR (Hyclone A 7)) K5 77
1.3 MTT3H M L-Z 2B X H0, 15 17 FIL0248 A
FERENFN

W a0 Mo F%2 A FL200 uLE Bl N964L 41 Y B 57
B, B T37 °CRE IR AR v HE IR, A% 40 i 7 6 AU
60%~70%IR, WO 20 AE 3T I LO241 i 32 4T 52 56 43
H, s R AR RA . LR 2R 41(1 mmol/L). H,0,
24(0.4 mmol/L) X L-%% 2 (500, 750, 1 000 pmol/L)
5H,0,(0.4 mmol/L)IBk &5 AL BEAH . 4% 73 20 56 I A L-
R TR 1 h, 1501 AH02(0.4 mmol/L). k5%
12 hjm, RF96FLHR B IR W 58, TG IEPBSUE SR
3% Ja, BLIIMTTIE 20 uL(5 mg/mL), & 37 °C
WATAR S IR4 b, 35 BT BELIN150 nL— F

TEAR(DMSO), #%3% 10 min, B bR (X F7E570 nmik K
Ab I 5 AL RO FEAE, DA IE 3 B 100% 1 541

NAFTE R (%)
1.4 SRR N L-Z S8 3 H,0,357 15 BIL02
4/ B T By 22 M)

HULO0241 e LAS*10%/4L 2 B T-64L H, 1 4 Mo
T 5 R F160% LA 1 i 3EAT IR 5, 6 E I O
R TR W X Al M B AT 2> 4L RN AL BE, 4 4% 11 0
41\ H,0,2H(0.4 mmol/L) K L-4% % F&(1 000 pmol/L)
5 H,0,(0.4 mmol/L)FE & A R4 . 428 72 5 I A L-
FRARTEE 1 h, FINAHO0(ZK % 40.4 mmol/L),
FFR12 he RVSERUG, R A1, BT 4
B & OhRcF im0 R, ST, 1000xgE
05 min, 7 BiE, LA ERIBERE, D0 HHIPBSYE2~31K,
33, F200 pL75 5 Annexin V-FITCHIPIF) 2% i
HR, BRRATAN M, s = EAE S mine B
20 M SR I, FITCIR R % K 488 nm, 5 I K
H1575 nm, REAMFE SRS 10 00041 i, £dh
7t 20 4M i 41X Cell Quest(Becton Dickinson, Mountain
view, CA, USA) K AM-3E4T 4347
1.5 L-ZREEFH0.#R 5 HILO24HELDHZ R AY
A

40 i 32 A5 FL5%10%/200 L4 A\ 9651 41 it 1%
FERR T, ARG E 37 CCIlR AR T R IR, £ 4N M 55 B
JE60%~70% I HEATIRES, 3 AIm1.3, fEH e G, B
FE R 4 R & 1 B 7420 nmAk il E LDHIT)
8, ForHR DLOE S X A 100% 1152 LDH(% of control).
1.6 Western blotll FE L-Z% &8 X H,0, 35 15 HIL02
‘MBI Caspase-3. PARPX; Bax/Bel-2H) 520

W 40 1 42 5 FL.2x 103 /mL3ge B N 1290 40 i 5% 77
B, AR5 137 CCHR A R I, A 4l A 5 AU
60%~70%I FEATIRES . 734 [F] 1.4, 4218 73 21 58 I AL-
REM T E 1 h, T AHO.(Z K 5 450.4 mmol/L),
Bi 9712 ho WSCHR AN MR JF HEAT S e EDIE . RN 5 B
Jii, B 55 FE L0240 i FH v FIPBSTE JE24Kk, i
TR () 41 H 24 AR AE UK T3 530 min. 41 R4 A7)
T4 °C, 15 000xg 5 Lr15 min, PCH S 0BG W,
17SDS-PAGE(12%)Jf ¥ # S NCJE(Whatman’A )
o S S%IBE R Wik I TBSE 11 h, WA —$14 °C
B A, DGR E P R BCE P P iR
¥ H 1 h, HITBSTYE3 K, £4K5 min, 28 J5 HILI-COR
Odyssey Infrared Imaging System#74#, 5 H] LI-COR
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Odyssey [ 73 A1 4 At ELAZRT 45 Aty BEAT 58 =70 HT
1.7 HBEFHKITHH

K Stat6. 08K A HEAT Gt v 2% 43 #r, P SUqE )
Fox Amean=S. D IF R E LN TE, LHE T &5
M1 )5 F Student’s thr 3048 1F 7 M, P<0.05. P<0.015%
P<0.00 1A A Gt 247 X

2 %R
2.1 L-ZEEXH0 M 5L T E XIS
h T R L- 2% 2 R X Ha O 45 477 AL 02 48 Jitw 37 1
RS, F AR5 5250, 500, 750, 1 000 pmol/L)F
L-ZR 2 R TRUF 4 A1 h, 5 i1 AH,04(0.4 mmol/L)}t
M55 7212 he g5 LW E1T7R, HO.08 FFRL024 iy
WHPE(P<0.01). ML-ZR & IRIA 750 pmol/LLA F 1}
A LARSHUHL0 K FH, LO2.4H f 3% 1 W3 & T, s
750 pmol/LF11 000 pmol/LI¥JL-4% 24 R, L024H il 17
TR 54 (65.28+9.10)%M1(77.17+7.39)%, 5 H,0,
P LR, 22 7 HA Gk 22 5 L(P<0.01).

120+
= 1004
2
= i
S 80 I
3
&\o/ 60 skkok
2
£ 404
=
3 204
0-
> oL " & & &
Q N Q < &S &
& S ST SO S >
& o WV I
VYV v
Y Y eV
& & S
+H20.

FA TR 71 (500, 750, 1 000 pwmol/L) L~ A% 2 R T 41 g1 h, #0
AH,0,(0.4 mmol/L)3t [[] £ #£12 ho 45 S Hmean+S.D. 3 75 (n=6).
#xkP<0.001, SXRAMLE. “P<0.01, *P<0.001, 5 5 HH04
BRI LO24T M2 A LE o

Cells were pretreated with L-theanine (500, 750, 1 000 umol/L) for 1 h,
then incubated with H>O, (0.4 mmol/L) in the presence of L-theanine for
a further 12 h. Each bar represented the mean+S.D. (n=6). ***P<0.001
compared with the control group; #P<0.01, **P<0.001 compared with
the group of H,O,-treated L02 cells alone.

Bl RREREL-ZF R H.0,15-S L0242
BN ERIPER
Fig.1 Protective effect of different doses of
L-theanine against H,O,-induced cell viability loss in
human hepatic L02 cells

22 L-EXRERINSIFHH,045 155 | R2RIL0240ARE T

A2 0] %0, 5525 et A A L, HoOo M 4 it
(PR T2 W 25 18 n, 14 T 74.38%(P<0.01), 141 iy
ZEN R LA AR RN HIH.0,5 S (1 L0241
HVE T2, HH0M 0 AH L, L-25 2 (1 000 pmol/L)
LH,05(0.4 mmol/L)IE A5 4k 2E 41 40 i 1 9 72 2 FEAIG
£32.02%(P<0.05). 45 R R W], L-24% 24 9 fe 91 ) i
HO, T8 4l i 1
2.3 L-ZFREREIRH.O M {7 HIL0240 A LDHA)
ZiE

FH 3R] 40, 52 o B4 L, HLO 40 B2 4
J 85 72 P LDH 2 5= 59 1 1 25.92%(P<0.001), & W
AN AZ 20 0 B . LA IR BE WS A HIHLO,5 1/ 1)

(A)
Control H:0: L-theanine+H-0:
s E B
N 8.18% z 66.74% = 28.36%
= a |l 2 Vi =4 ek
= = S =) o
+| =] 5 il I -
= =1 1.9% =1 2 77.64% =1 4| 3.66%
= T Sy AL = Ty v
10° 10' 10* 10° 10* 10° 10' 10* 10° 10* 7109 10' 102 10° 10
Annexin V+
(B)
100+
%k
80+
<
<
5 604
‘% #
]
5 404
o
<
204
0 =
A v ]
~ O &
& Ay &
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A: Yl i & L-theanine 8% # H,0, 4 ¥ il 5, K F Annexin V-FITCHlpro-
pidine iodide(P1)X{ %%, #EFACScan(Becton Dickinson, Mountain view,
CA, USA) LibAT i =CAt i 235 B SR 2 00 4 10 4 16 AN 5 4
MU T- 2. 453 FmeantS.D. KR (n=3). **P<0.01, H5X M AM .
*P<0.05, 5 TP HL 040 #E T LO24H s ZHAH LE .
A: after treated with L-theanine or H,O, for indicated time, L02 cells
were dyed with both of Annexin V-FITC and propidine iodide (PI). Flow
cytometric analysis was performed with FACScan (Becton Dickinson,
Mountain view, CA, USA) with the Cell Quest program; B: percentage
of apoptotic cells, as determined by Annexin-V-FITC and PI staining
followed by the fluorescence-activated cell sorting using flow cytometry.
Each bar represents the mean=S.D. (n=3). **P<0.01 compared with the
control group; “P<0.05 compared with the group of H,O,-treated L02
cells alone.
B2 L-ZXEEHINH BH,0,5 S HLO24MIE T
Fig.2 L-theanine inhibited L02 cells from
H,0;-induced apoptosis
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LO24A W35 I3 H LDHIZ s IR 39 0, 55 HLO, 0414
b, L-Z5 % (750, 1 000 pmol/L) 5 H,0,(0.4 mmol/L)
1A Ak 20 4 i 55 77 W LD 2 43 ) B AR T
13.56%(P<0.05)#116.82%(P<0.01), H. 53— & 171
EACHE. 45 R E W, LA E MR At MR H0. 5145 (1)
L0241 ffi H [FILDHZ ¥ -

24 L-FRERINFIH,0,5 S 8IL024HAE H Caspase
S3HIBRFIPARPRYIZ]

550 BALAH L, HaOo 0 A e 5 | S L0248 Jifa
Caspase-3 (1] 1% FIPARP1) V) ;. HH,0,51 ¥ 20 A
Eb, L-AY 2 R T BE P AIC FHHLO, 5 L [ Caspase-3 1]
WOEAPARPIIV) I, 22 7 HAT ek 2 X (El4)
2.5 L-%& R 3H,0,i% 5 RIL024H i # BCL-2.
Bax X Bax/Bcl-2 B 2

WIEISHT R, 1E 56 IR AR L - 2% 20 o ) 2 b
Bel-2fiBax¥) 15 RiE, HW#H 2 MR EHi %=
Mo HO. 038 5 B 5 L0240 g Fh Bel-245 (1 %k F
WA Bax £ 13834 1, i f9Bax/Bel-2 L E T &, H.
50 AR TG 22 3 HAT G v 2% 8 (P<0.01). L-%%
RAE G e T H,0,5 2 (1 Bel-2 M1 Bax 25 13
K A4, 5 Bax/Bel-2 LA K %, 5 H,0, 84

(A)

H,0,(04 mmol/L) - - +

L-theanine (I mmol/L) — + -

e — e wge —> PARP
— inm ey (Cleaved-PARP

@S @S <«== @S > Pro-caspase3

S e e e —> [(-actin

140~
skskosk

= 1204 : w
e
=
3
[
5 1004
s
an}
3

80+

60

N . (] Lo
& o O Fo &S »)
CO‘\ ;{Qe ‘2‘ ;&@%‘ 0\\\)}&& o\\\’ ;&\6} o\\\/
VI VSV
SO SRR
& Q
+H:0:

LO24 H 28 L- 2% % 1R T4k 0 AR AR T, 153 11N 0.4 mmol/L ¥ H,0 85
FR12 h, W 5E 40 B 3 P ILDH. 45 4 Fmean=S.D. 3 75 (n=6).
##2P<0.001, HXTRALAALL. "P<0.05, “P<0.01, 55 A HTH 040 3
L0240 I ALAHLL -

L02 cells were pretreated with or without L-theanine then treated with
0.4 mmol/L H,O, for 12 h, LDH in cells supernatant was evaluated.
Each bar represented the mean+S.D.(n=6). ***P<0.001 compared with
the control group. “P<0.05, *P<0.01 compared with the group of H,O,-
treated LO2 cells alone.

El3 L-ZXEEATH,0,15 S A L0240 A + LDHIR t B 3201
Fig.3 Effect of L-theanine against H,O,-induced LDH
leakage in L02 cells

(B) 107 &3 Cleaved-PARP
3 Pro-caspase3

Relative intensity

L0241 I £E L- 75 2 R 5k H, 040 1 5, 2R i Western blotill i pro-caspase3 (i35 AIPARP V)%, B-actinfE Jy N2, MBIKE R . **P<0.01, ***P<0.001,

S5xt At . #P<0.01, 5 5l H,0 40 BE L0240 U LA LE o

L02 cells were treated with L-theanine or H,O, for indicated time, and the pro-caspase3 activation and PARP cleave were tested by Western blot. B-actin

were used as the internal control. Values are averages of three independent experiments. **P<0.01, ***P<0.001 compared with the control group.

#P<0.01 compared with the group of H,O,-treated L02 cells alone.

El4 L-FRERINFIH,0,15% S/ Caspase-3i4;EFIPARP] £
Fig.4 L-theanine inhibited H,O,-induced Caspase-3 activation and PARP cleave

7R AA G L (P<0.001).

3 itig
3O b N T WALy A e i
B IR0, 7 M A A, E I Ak

TVE TR DR AR P — R 5 BRI B AR, N
JERERR A e 98 FFEF4Eqt. AL s
A N O 3 ST A5 07 ) EEH LA, 2%k Sl
AR HE 3 3o R 1S Bt o 4 I 5 2 F) T 4
A HoOn e — il JE IR 3 P A o), 1K)
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(A)
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L0241 I 28 L- 25 2 FR Bl HL0, A L, SR HI Western blotil] 72 Bel-2H1Bax,
GAPDHfE N W 25, T3, **P<0.01, 5% H4LH1 k. *P<0.01,
#P<0.001, 55 F Al HO0 UMK LO24H L2 A LE

L02 cells were treated with L-theanine or H,O, for indicated time,
Bcl-2 and Bax were tested by Western blot. GAPDH were used as the
internal control. Values are averages of three independent experiments.
*#P<().01 compared with the control group. “P<0.01, **P<0.001 com-
pared with the group of H,O,-treated LO2 cells alone.

El5 L-ZRE3H,0,15 T Bcl-2FABax A

Fig.5 Effects of L-theanine on H,O,-induced Bcl-2 and Bax
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