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FE . WA BIRGO)R I, BRI EAIEN, i GO AU i) 4 & i AR R IE . R Ames IR 56 & 4h
CHL 20 i 4 o R WA AR 10 /DN BRUPR PR 2 €6 A 5 A8 036, 4 00 4 200 181 KT | 4 B /KO e B IR 3l K P 5E GO I st AL B 1
GO &I E 4L 1H Ames IRIGLE R N FAEE, CHL 356, CHL 40 i % (4 1A ms A8 S GO Yk & i3 mimi 5 , 2 1.000 mg-mL™
FIELH (+S,)F1 0.500 mg-mL ™" Fl i 2H (—S, B A8 3R i 3 FH i (P<0.05), /N ERUE 6 200 A e o PR W A0 30 vl B4 2400 L e €5 PR iy 2
KIFFERE GO He BE RIS AN FHE , 1.000 F10.500 mg- kg™ FlH2H 1M 28 R G F 4R B (P<0.05), HAK Ames iR U045 S WA [ b 113
GO Wyt iE et BAEARIN B AR A Y (AR IR 256 GO R 30 H X6 il 7L 3y 4 e (A P AE s A vk
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Abstract: The genotoxicity and mutagenicity of graphene oxide (GO) were explored to provide the evidence for
safe application of GO in the biological field. The genotoxicity of GO on the level of bacteria, cell and animal was
determined via Ames test, chromosome aberration assay in vitro (CHL cell) and chromosome aberration assay in
vivo (mouse bone marrow cells) respectively. The result of Ames test in each dosage group of GO was negative.
For in vitro test, the chromosome aberration rate of CHL cells increased along with the enhancement of GO con-
centration, of which the aberration rate of both 1.000 mg-mL™ dosage group (+S,) and 0.500 mg-mL™" dosage
group (-S,) increased significantly (P<0.05). For in vivo test, the chromosome aberration rate of bone marrow cells
increased along with the increase of GO concentration, of which the aberration rate of both 1.000 mg-mL™" dosage
group and 0.500 mg-mL~" dosage group increased markedly (P<0.05). There was no genotoxicity of GO shown in
the Ames test. However, GO had a potential genotoxicity to mammalian cell chromosomes during the chromosome

aberration assay in vitro and in vivo respectively.
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A1 547 (graphene) /& H i[5 L sp” 2=k 57 208
OELE NNy Uil b VN Y = St i YO A el )
BRI AR S 4 Ak A7 55 )4 (graphene oxide, GO)
A B RE AAT A, S5 A SRIEA L, GO
HABRKPRMmI, RAFR7K a8, Birng Y AH
e SRR G PED . GO AR Y SRR, {8
AR T KIHAER M JKALHS B2 3R5E
REVRT) Je T RE A AL 45 22 A~ U 5 A VB AE 1Y) B SR I
5o, GO BB 1z v Y i B A b 2 H B AT AT HE
AW a T EET GO 7EAR ™ il EUE 7 i ik A
HRWE G, R ATEEYZEEMAa RN, KE
5T E N GO X4 B A 2 EAE A, (02 ZE 4
JiL A 0 3 AR KO 1) B A SR IR AR AE P . GO
5 R 2Z o) B AR BAE A S SR B R B
HEAE LIV s B S A F0A PN T R 4 R A — B
5P GO 1 1E BOUE A B 1R PR AR 2
XA PR A R — S, AR
K, GO 1y ist L 7 M 5 B3R I R 45 P 2 70 iy e
o PRI AR | 2 B0 7] 8 R R TR P | R 2 A
GO Z g B[] 4 | 7] 6 8 B, Gy €6 0K i AF o) 25 3
it R H R X GO 18t 4% B A A AT
M=z, BERE(HOR T 5 2R Ty
Py BEH T Ames 55 /R4 CHL 21 iy 4t f4
W A5 5 30 R /) BRRE A0 i G 0 A R AR 0 E AT
GO Myt L #E I, B 5 HE TE M B 21 T,
GO &2 4 fiff F 4 HEAR 4l

1 ##l57 % (Materials and methods)
1.1 SEEpPk

Ak A B (GO) BE B AW, A it 5
D160330C2A, Hi# M 4 75 70 5 M R BE 4 2 7] 42
it B GO KEM T 121 °C F &5/ K 30 min, B
FRAE T IMA B SE KA B BUAH R VR 5 2 h il 4%
RS E 7K A3 B0, BRI

R R (3 5 3206105), 3T IS By (4t 5.
3206098) 340 H T~ AR LA W B A BR A F] ;D
(+)-4= ¥ % (3t 5. 20171123), L-4H & R (3t 5.
20171013) M4 RR B (L5 :20171023) #4104 [ [ 24
R IFARA R R TS, IBRE WA 5.
3480)Ig H Molecular Toxicology 2\ 7l ; 1640 1% 3% F&
(ftt*5-.8118264) fify 4~ il i (FBS) (#iL 5 ; 1620769) 14
F Gibco 2 1] ; Hank s ¥ (1t 5 :20170623),0.25%

JHEEE 11 T (4 5. 20170505 ) Fl 7 48 5% 44 W (5
20161229)¥04 H AL s R ERH A R A R ; 22545
REMMO)HIt = : 12/2017) B8t iz (L5 12/2017)
FBKANBRAE S 1 12/2017)3 H Roche 23 w] 5 HoAh
TR A [ 7 43 B 4R

1.2 SEEANES

HERAcell 150i %! CO, % %#4f (Thermo Scientif-
ic); DM500 #Y {8 ¥ #H 22 1 {¥ %% (LEICA); Infinite
M200 PRO AYEHR A (B -7 1) ; AC-4S1 #U A= )4t
4HE(ESCO Class 11 BSC); HH-8 I 1 B i Il 7K 774 54
(FEIFE L 25 PR\ 7)) ; Neofuge23 R HUA iR 1o 3 55 .0
HL(Heal Force),

1.3 SEEE bR

T R FE VDT I 4 24 R ik 284 T Bk TA-97a
TA-98 . TA-100 1 TA-102 #4705, HEARIRIET
Hh [ RNEE SR ORE b O BT R A 2 R 58 T
PRt eI ORI SE I bk 28 0o 2H A R 7 oK
B B ORI AN E R R PSR
G SN ABURR IS A A & R0 S |, PR R
IR ARG ESR . 37 CRR% SR 16 h, iUk
KAIE AT 1x10° cells-mL ™ {7 ol i, S,
FESMRERE L R S
1.4 SCE4HH

CHL 21, > U5 v [ R 2 e B2 WA 240 M /% e
PR 2 A R A SRR IR E 10%
/NEIMTE R 1640, 8 37 °C 5% CO, HFEMFE .
1.5 SEEshY)

SPF % L W HENE /N IR BT 18 ~22 g, 1) 74
2R e PR At SCI B W AT HIE S SYXK
(BE) 2017-002, /N ERUA] 5% F )7 V4 6 2 5 A 36
SPF ¥ 55, IR 20 ~25 °C , MIXHEE 55% +15% ,
P 10 ~20 Y-h,

1.6 LRIk
1.6.1 Ames i

14 0.1 mL {50 PRI R .0.1 mL GO ¥ il
0.5 mL S, IRAWCHTH 2R AN IRA WA 5
IR 2 55 95 2L ¥ 4 I, % 0.080,0.040 ,0.020
0.010 F10.005 mg-mL™" 5 54, [FE% [ % 5
5257 AN BHAE 2 AR TN BR 2L, BHPEXT RE 25 n % 1
B, B4H 3 ASFATIL, 37 °CRESE 48 h, 5
WIS BOTE B, BRIk,
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1.6.2 Yo fRmAr {5

FRIEHTIIH MTT 30 GO X+ CHL B4 it 14
I B, GO XAt i) R HIvR B2, -S, 200 0.415
mg-mL™", +S, 214 0.767 mg-mL™", & +S, 4o/
A 1.000.,0.500 F10.250 mg-mL™" GO, ifii —S, 44
A 050.0.250 Fil 0.125 mg - mL™" GO, B 14 % &
(1640) 1 BH 44 X B (+S, « PR BEMENE 0020 mg-mL™" |
-S,: #4%% % 0.001 mg-mL™"), HT CO, HiF4E
RS 24 h, ZARREFERTINABKIKALGK0.001 mg-
mL ™ )AEHE 2 b, A RRPARYC N | SR BRI AL ;
B RBWARE ; BUE W A E , B0 R 1 IRGTH
B TH#510% Giemsa Jeff, 25 41048 100 A~ 4]
GrSUAHAHND RO (A R AR 3
1.6.3 /NGB R A i e o fA i A X

/NIRRT BEAL S 7 4, B 10 K, R
PEFTIAIIAS GO X /N B A 48038 2 (LD, ) K
6.364 mg - kg™, 435 E N 1.000,0.500,0.250
F10.125 mg-kg™' GO 34 A4, W] A sk B M Xt

HE I BH P X6} HE 4 A B BERE 40 mg-ke™"), B B i
Jik i B Gov)— 0k, /N T 28 d AbSE, S5 4HEh b AE
Tl 4 h TS BOKAIER 4 mg-kg™), ALFESE M
JREB, Tl A o B A L g iR bR A, B — A 3L
HEY e 100 > 53 R 45 14 Hh 19 43 2440 48 i 3
58T, 43 iE sk 45 20 e o IR i AR R R H 1
FRWGAR R
1.7 Seit=5rhr

K H SPSS 21.0 A4 Gt 2200 B, BeitHl
R x+s, 2220 8] AR LR R J7 22 534, 2R (8]
SR % K5, L P<0.05 W2ESRA G5 X,

2  Z55 (Results)
2.1 GO HYFEAE

GO RIELRWE 1 iR, TEM s Hi3kAd T
GO HIESL (K 1(a)), BAELEH IR, GO BY R F7E
100 nm 7247, 2y 45 il 0 3 B An 20 AR 00 o J2 25
P BRI RE A B SPY ik B & EUE BEHT IR T
C = C AU B, i b A S0 2= 2 WIFE

() (b) 6|
94
% |
| A
gg TERAA '
84 | { :ﬁ =l f;'
S ¢ §53 ¢
s o I8 2 — a9 i
=g RS
ME n i
=% 4
Wi &
=&
58
36 |
54
5
50 \
48 s,
46 3
44 2
42 X
4000 3000 BZ%QZOOOI 1000
WeE/em
Wavenumber/cm™!
1 SLXAEEE(GO)HIRLE( (a) : TEM;(b) :FTIR)
Fig. 1 Characterization of graphene oxide (GO) ((a): TEM; (b): FTIR)
F1 Ames iKIEPAMEXTERZY
Table 1 The positive control drug in Ames test
—S, i —S, test +Sg I +S, test
IR N ; = . ; o
. BT WP/ (mg-mL™") BT HePE(mg-mL™")
Test strain
Mutagen Concentration/(mg-mL™") Mutagen Concentration/(mg-mL™")
2,4,7- =T HE-9- 25 T
TA-97a  TA-98 0.002 2-%3£%)j 2-Aminofluorene 0.100
2.4,7-Trinitro-9-fluorenone
TA-100 R B 152 Y i Methyl formate 0.005 2-Z 345 2-Aminofluorene 0.100
1,8~k B
TA-102 #5475 % C Mitomycin C 0.005 * 0.500

1,8-Dihydroxyanthraquinone
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S-SR ST 32 RS I TR HR 11 R 4 D T R R L
FhUETE, BRI T RMmK S, N TP
2H4y, R A FTIR 3K, & 1 (b) s, GO 7E 3
430 em™ bR I T — AN T8 H A BLAY I, X JE H—
OH LAY ;1 727 em™ ALAIERN 1T T C =0
BERMZEIR S ;1 625 em™ ARAYIER T T C = C
FIRAE PR 51 402 em™ AL IR 1T F C—H 1K)
RZ4aPR3N;1 225 cm™ Ab BN 5 F C—O 4 Y it
2.2 Ames iU GO EZASE
TR — B RR [ — R 4L %) 3 AT R SR
MBI IS ORI 22 (GR 2), 45 R s . Tk e &

AN S, kIR R, GO £ FI 41X} TA-97a  TA-98
TA-100 1 TA-102 T B () 145 35 TG 8 35 52, 45 1
R ] 52 9 A0 R 5 B34 A8 JE 3 11 DY 5 4% 55 4 5 B
PEXT RECZH 1Y ] 5 58 A8 TR VR AR L B 25 R N I (P
>0.05), - H. {2 3 HAIC T BH - X BE 21 199 [ 52 28 A2 7R
EK(P<0.01), Ames TR 5045 F 1 S BAME:
2.3 GO X CHL Zufifd iy sk 22 1

28 S, TR B AL TR (+S,) ) GO Y (0 A I A% 4%
RNk 3 Ui lad RO T RSB R B B
GO MR EE 34 i, CHL 20 i g (o (AR AR R 57, A
WIS 0 ) - b G R, Hoh, GO Y +S, il i 4
(1.000 mg-mL™")5 F X} FE L AH Fb | 1 A8 5K b 2 T

£2 GO Ames RIELER
Table 2 Ames test results of GO

i
TA-97a TA-98 TA-100 TA-102
<Rl /(mg-mL™")
Group Does
» =Sy +S, =Sy +Sy =Sy +S, =Sy +S,
/(mg-mL™")
S / 1203+7.1 128.67+76 270+40 260+2.7 1543136 155776 228.7+26.5 2503+7.8
o 0.08 160.0+22.3 136.0+312 24.7+57 247£2.1 172+382 144.7+38 2347+24.1 250.7+43.3
Negative control
0.04 1493134 178725 24325 243485 172+8.0 140+41 4 208.3+14.0 2293+18.6
- 0.02 1287146 1753136 31.7+15 233+42 129.0+14.7 128384 242.67+420 254.7+389
FATEIR(GO)
) 0.01 101383 152.0+20.7 240+44 20.0+4.0 1303223 1313+30.1 226.7+34.5 214.0+14.0
Graphene oxide (GO)
0.005 104.0+53 1363+13.1 22.7+40 17.7+25 115.0£5.0 123£25.6 199.0+11.0 205.7+15.5

W1
PR A . . - - o
N Shown in 1 346.0+38.0°" 1456.7+51.8""1922.0+1653" "1 989.0+25.5"" 157234745
Positive control Table 1
able

1775384.17" 12653706 10083+23.1°"

T :=So R TFILHFBA N Sy, +Sg FRT-MLHRIN Sy 5 5 XS AT LA, * * 2 5 W3 (P<0.01),

Note: -S, means S, was not added in the petri dish, and +S, means Sy was added in the petri dish; compared with the negative control group, * * showed a significant differ-

ence (P<0.01).

*&3 GO X CHL i AR ERNEMm ( +S,,24 h)
Table 3  Effect of GO on chromosomal aberrations in CHL cells (+S,, 24 h)

ik o o A K0 ‘
: ZAH S . W A5 4 WEARE % AR E
ikl /(mg-mL™") Chromosome aberration type
Polyploid — — Distortion Distortion Result
Group Does Wi Bk BRIR R Aot .
number number rate/% judgment
/(mg-mL™") Fracture Missing Ring  Fragment Exchange
B X} 18 (1640) / 0 1 1 0 0 0 2 2 -
Positive control (1640) 1.000 0 7 4 0 0 0 11 11* +
AT BRI (GO) 0.500 0 4 3 0 1 0 8 8 +
Graphene oxide (GO) 0250 0 1 1 0 0 0 2 2 -
AN
) 20.000 3 12 10 4 3 2 31 31* ++
Cyclophosphamide

- SR IR L, * 25 5 3 (P<0.05),

Note: Compared with the negative control group, * showed a significant difference (P<0.05).
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B (P<0.05),

K2 S, WAL RALFE(-S,) Y GO Y (o {4 i 75
S5 4 P, BE GO MR RGN, CHL 4 jifg 4
LR R S = CN: SR TR | B e [V S P 8
H1,0.500 mg-mL ™" 5 5 21 5 B X R AL A L, w AR
RN ETHE(P<0.05),

GO F{ CHL ZH i 4 (A (R i AR R AR G0 18] 2 i,
et (R AT E— 25 1 g £ A ) diie 2K B A%
FHE, H T A Y G £ R G A S BR O e AR GG

(&)

(d

P RRAR . TEH CHL 2t 4% £ R SR UL B b 98 45 (18] 2
(a));1.000 mg-mL™" GO #H H B L (o 14 i 24 (19 2
(b));0.500 mg-mL™" GO £H H Bl Y A iR M e Ak (1] 2
(€));0.125 mg - mL™" GO #£H H B e o 4 Bl 2% (1 2
(d)); FHPEZ B (IR A M | A5 1R SRR e ik
(E 2(e)), YeafkbtmiAs g £, GO 51 YL
PRI AE S 70 2 By W N
2.4 GO X /|~ U f 4H i 2e fofAR v S5 A 4

B BE A G (o P AR IR 5 SR AN SR 5 i, il

| - (C)-

2 GO ¥ CHL i EamEE
T (a). BIMEXTHR4] CHL AU Y4 04 (b). 1.000 mg-mL™" GO 414 {AkIKiZe ; (c). 0.500 mg-mL™" GO 41 4L a4 h L ;
(d). 0.125 mg-mL™" GO YR ; (o). FAMEAL Y il scHh 25K IR YL (L ; Giemsa 45, %100,
Fig. 2 Chromosome aberration diagram of CHL cells induced by GO

Note: (a). normal CHL cell chromosome; (b). 1.000 mg-mL™" GO group chromosome break;

(). 0.500 mg-mL™" GO group chromosome pulverization; (d). 0.125 mg-mL™" GO group chromosome deletion;

(e). positive group chromosome exchange, polyploidy and circular chromosome; Giemsa staining, x100.

&4 GOt CHL HRLEEHENFNE(-S,,24 h)
Table 4 Effect of GO on chromosomal aberrations in CHL cells (=S,, 24 h)

ik e ORI AL SR
21 31 /(mg-mL™") ZARRE Chromosome aberration type Wi 3 W22 /% HARHIE
Group Does Polyploid p— Py " i i Distortion Distortion . Result
number number rate/% judgment
(mg-mL™") Fracture Missing Ring  Fragment Exchange

FA 41X 1 (1640) / 0 1 0 0 0 0 1 1 -
Negative control (1640) 0.500 0 5 4 0 0 0 9 9 +
LA B (GO) 0250 0 4 2 0 0 0 6 6 +
Graphene oxide (GO) 0.125 0 1 0 0 0 0 1 1 -
223475 % Mitomycin 1.000 1 14 7 2 1 2 26 26%* ++

L S PIMEX FRA LA 22 F 18 3 (P<0.05),

Note: Compared with the negative control group, * showed a significant difference (P<0.05).
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Table 5 Effect of GO on chromosome aberration rate of mouse bone marrow cells

il j o A K0 ‘
: IR . Wi 75 K W A8 /%
215 /mg-kg™") Chromosome aberration type
Polyploid — — Distortion Distortion
Group Does W4 /SN AR R g
number number rate/%
Amg-kg™") Fracture ~ Missing Ring Fragment Exchange
931 %of Bt - 10 0 9 4 0 0 0 13 13
Negative control 1.000 10 5 33 24 0 0 0 57 57"
- B 0.500 10 1 19 13 0 0 0 32 32%
A HH(GO)
. 0250 10 0 18 9 0 0 0 27 27
Graphene oxide (GO)
0.125 10 0 18 7 0 0 0 25 25
AN
) 40.000 14 77 62 8 12 10 8 169 169**
Cyclophosphamide

5 BT R g, * N 22 57 3 (P<0.05),* * Ry 2257 i 35 (P<0.01),,

Note: Compared with the negative control group, * showed a significant difference (P<0.05); * showed a significant difference (P<0.01).

RIS T LA BT & B, 1.000 mg - kg™ i
ZH A0 B AR R 5 B M o R 2 A L, AR R B T
(P<0.01),0.500 mg - kg™ 7] et 2H 4H it W A5 3 I 25 455
T FAPERT B2 (P<0.05), 0.250 F10.125 mg- kg™ 7
ot 2 200 A e A R s i T P X R (5 B X
HEZH Y 22 55 B 25 (P>0.05) .,

GO HUNRE B0 Y R B AR R G 5] 3 iy
TN o BRI X B2 /) BB B 200 A e oo (AR A A A 48 e A
KA (8 3(a));1.000 mg-kg™ GO 41 H 30 YL (o fA Bl 2
(&1 3(b));0.500 mg-kg™" GO 4H H B (A K 24 (%] 3
(c)); ANBHE IR fle 41+ IR % €00 AR M e | 52 8 R 22 A5 1Rk
EAR(E 3(d)), et ihahimiAs WAL R, GO FrEL
Yo PRI AR A DL YL R 240 32

3 iti&( Discussion)

GO PR i BRI ot S H: 5 2 W AR B AR F
PR AR T 70z 9 0 T A5, B R e PR B
R BRT, 6T GO BRI R
P TE AR T, REAAME I KB, GO
ik U JURR A 7 A 35 M < 38 2k 5 48 R Jo 32
JE A EAE FH SR T A= 9 53 0 W BT I 7 £ 1 ] 422
BEPE ARV VAR B B A Y PR, (R R A R
PR 5 T B KR, A 250 T DL 40 A RS ot i 22 A
HAER, SRR EEE, A, GO AR
HH B B A P BT ORI R AR TN 3R T E g
85 NEH B AH AP 2E DL AR M B 45 A 5 3 AT 43
XRFR"™, Zhang &5 AU TTR 45 GO Mibr
10, FA S R BRI ST /N BRI N 1 GO AR
WA, FS 10 mg kg™ GO BI/NEUG A B, H

T3 G R K AR AT, FR o A 7 O B
i [RS4TR8 281 4% i 240 BRI PR 2 e R At 7k
T Y A B I T SR T
1M H AR RSN 7K B GO st G s 5 A
i, 40 Chng A1 Pumera"' 5% & 1, GO REIE T A
it BUET A HLF 240 B i) 480 P I 085 I, 248 e 45 P 5 R
WEEARHME B K FE DNA H 43 He RO 34 48 7~

(2 W T, AR ()

B3 GOXIREBARLEERETE
TE :(a). /N BUEHBEAH I IE % % G145 5 (b). 1.000 mg-kg™ GO 4
e A% (). 0.500 mg-kg™ GO Y (ki ;

(d). FRREMEMEL G G AR i SCHe A5 A Y (1K ; Giemsa 4, 100,
Fig. 3 Chromosome aberrations of mouse bone
marrow cells induced by GO
Note: (a). mouse bone marrow cells normal chromosome;

(b). 1.000 mg-kg™' GO group chromosome break;

(). 0.500 mg-kg™' GO group chromosome deletion;

(d). cyclophoshamide group chromosome smashing, chromosome

exchange and ploidy chromosome; Giemsa staining, x100.
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GO HA ML, Stueckle 2507 [k 5 15 4% o1
FHH  nano-GO %5 i 41 i (A549) ) DNA #1455 4
fRARAER . Mohamed %" & B, GO A LI5| 2 DNA
MiEF%, 51 DNA #if)i, %3 DNA FBifk., Bengt-
son &M RS N B ER T GO Mk R A ML A 8
(@GOG , K GO HI rGO 43 I AEA [ i ] s 7] 75
Sl T DNA #1655, teak, JE R 2854 1 A B0 1R
FERE R — 2 st B B 1, 0 Kim 5527 R A-
mes R0 PRSP G € (AR A2 1 40 AN R RE TR O
6 Yo PR Bl 4 K4 (SWONT) R 38 A4 B P A T G 0
gE UL R | Ames TR0 7 & B AN B 148 BE 42 | % 3k
B a5 SR BAE RS e (o A i A 3 55 Sy BH 1 H & 51
WLEEH] T 240 ff 14 5 4 R 52, BOA R SWONT 1Y 352
AP 5 BHE . AT GO Ko Afe HRERt b k— 1
A A BRI 2R R A TR E AN R 20

Ames MIEFZKF I ST 3845 1) ot 32 45405 15
{5 G o AR AR 1 77 A= 55 G £ R Ty 54 K &5 e 4K A2 43
A, KIECHORTEI S 5220 )™ &
XA W) VR P2 S5 B AN TR) 5 3 AR 4 4R P
ISR E RN ZEH K Ames i3 . CHL ML,
AR AR 10 ) B B A i e RS, 255 T
X3 AR 25 5, IWFSE GO ISR AEH . A
AR R, AN E B IMATE LR S(S,), GO %
FIE2H % TA-97a , TA-98 \ TA-100 F1 TA-102 iX 4 Ff
PRI 171 52 9 A5 B s 510 52 W) 187 76 1 3 Y BRI, 55 B
PEXT BRZEAR L TG 2 M 22 5% $7R GO FER S Ames
I TCESARE T, (ERTE G K S R P K-
Yt R AR 0 Bl GO W BE B34, G (i
WA 3 b TR A B A - RN G R $E R GO
FEAAR P A1 e €2 {4 i AR 00 rh B A W AR 1Y a4 B
PE, CAWEAIR, 5 WE A 28 3 W) I e A0 OC FE B
HIfE5E Ames 1050 JC A UK H A0 KRF- 19 18 76 3L
GEARE M SIS | Gt (A A2 R0 B B B
B H A DA B PSR X AR AR —
B GO ) Ames 528 PR 56 25 TR 5 B {H e
o AR AR G 25 S A R B, i — 2T T 8L A-
mes R0 TCTEHERR P A0 KR+ 1 B9 A8V HT A Dt
HATBEZET . (LS RY Ames TR0 (8 FH B A B 75 3 |
BEFR B AR PR 1828 HLAHE R i B ey Y 3% 7 2%
14 PR 40 TR -5 N KR 78 S 2 Ml 5 (2) TR RE S i 3L 3
YA BEAG 22 5, TN =22 B~ R O A 1) TR RS T
FEAKM BT 2815 MUE | 5 AR AN 7557, R
Tl AR KR~ 9 40 A% B 5 (3) 75 A, A SE K A1 R R

A —E KB,

R AT ] 50— 8,7 ik AT [ P 3 i e A
WAL, N EEE GO W R B AL TR KU,
M H AT — R AIHL L EHAR A SR, X GO
(et AL REE SRR AL , nT o — 2B AR S AR

BIEEE N AR B (1956—), B, 1+ #it, T 25 7
wmAESFEE,
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