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Nutri-toxicological effects of cyanobacteria on fish
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1 Hubei Key Laboratory of Animal Nutrition and Feed Science, Wuhan Polytechnic University, Wuhan 430023, China

2 State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China

Abstract: Proliferation of cyanobacteria is a global problem in eutrophic freshwater ecosystems, and the associated
cyanotoxins are of growing concern with respect to human health and environmental problem. Most of the studies on
microcystins (MCs) have only focused on terrestrial mammals, few have been conducted on the effects of MCs on fishes.
Actually, many fishes are at the top of the trophic pyramids in aquatic ecosystems. MCs, which are the secondary
metabolites of cyanobacteria, may accumulate in fish via feeding or bioaccumulation, and finally harm human health through
the food chain. On the other hand, the harmful effects of MCs on fishes were mainly limited to acute toxic experiments
based on oral gavaging, intraperitoneal injection, or administration via the dorsal aorta of the toxins, which can’t reflect the
uptake route under natural environments. In fish, cyanobacterial toxins may ingestion via different routes; direct feeding on
toxic cyanobacterial cells, uptake of dissolved toxins via the gill epithelium, or exposure via the foodweb. More importantly,
cyanobacteria are an important dietary component for many fishes. Therefore, cyanobacteria is a kind of nutrient. On the
other hand, it also has potential poisonousness on fish. Fortunately, the nutri-toxicological effects of microcystins on fish
have been recently drawn to scientists’s much attention. In rencent years, mass cyanobacterial blooms occurred frequently
in many freshwater lakes in China, e. g. , Lake Dianechi, Lake Taihu, Lake Caohu. In the project of the control of

cyanobacteria in Chinese lakes, gathering the cyanobacteria using machine has been used in a large scale. Thus, it's a big
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amount of biomass for the gathered cyanobacteria, and it’s an important issue on the comprehensive utilization of the
gathered cyanobacteria using machines. Protein is the most expensive component in fish feeds. Due to the scarcity and cost
of fish meal in the world market, it is imperative to reduce feed cost by exploring cheaper alternative protein in aquaculture
feeds. In addition, cyanobacteria have been reported to contain more than 50% crude protein. Based on cost effectiveness,
availability, and crude protein content, cyanobacteria seem to have considerable potential in fish feeds. Considering their
contributions to both the basic research and the practice, it is necessary to explore the nutri-toxicological effects of
cyanobacteria on fish. In the context of researching alternative protein sources for aquatic animals, growth (weight gain or
specific growth rate) , feed utilization (feeding rate, feed conversion efficiency, apparent digestibility coefficients of dry,
protein and energy ) , and nutrient retention ( protein retention efficiency and energy retention efficiency) are the main
parameters for evaluation. More importantly, dietary cyanobacteria may severely influence fish’s health and food safety,
which would emerge from toxicological indices, such as mortality, antioxidant responses, histological and cytopathology
alterations, and accumulation of toxin in tissues. In the present paper, the nutri-toxicological effects of cyanobacterial meal
or cyanobacterial cells on fish were summaried, and it focused on both nutrtional and toxicological effects of cyanobacteria
via oral administration on fish. The present review will help to gain a new insight in the toxic effects of cyanobacteria on fish

and provide new solutions for comprehensive utilization of the cyanobacteria.

Key Words: cyanobacterial meal ; cyanobacterial cells; microcystins; nutri-toxicology; fish
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1 EEMNaRMEFRERMN (EENaRER £ RKFMERMAEMm)

S B WM ( Carassius auratus gibelio ) W1 JE B % JE i ( Oreochromis niloticus ) ' | HT 8 ( Oncorhynchus
mykiss ) V' F 24 52465 (Acipenser gueldenstaedtii XA. baerii Brandt) ™' 43 4 ME £ 0. 23 (1. 25—4. 44 95. 82,
24.09—44.04 ng MCs/g T H W EM AR 9—12 G, kI HE R0 Frd &, (R R B & S GR0 R % Ak sk
RANFIE YA B R R A0 DR oin A — 5 B IR MCs 3 3R T 48 i 2R B R, ]
AEJE W BN T S A S LA R BV T8, R ] RSt A S B 5 LR R T RS A, i
I B e B A A LR R IR 5 | A P AR A B A R RS AR 0 — Fh SR W, SR, BE A R
MCs 54 1Y T 5, 35§ £f ( Pelieobagrus fulvidraco Richardson )™ 2222 B AE 4 ( Oreochromis niloticus % O.
aureus) """V F1Z 3253 ( Acipenser baeri Brandt X Acipenser gueldenstaedtii) > B8 £ 5824 52 W0 R M (i ka3, 17 HL45%
ORI AR AAE A S50 1) N ) Ak BRZH RIAR [ EBORE B[] 22 ] 282 S K, B i B B IR 4 (32.3 pg MCs/g
THE) R BRI ARG B (1—60 d) ¥ W35 TR, M skl (71.96 pg MCs/g TH) MIBEER
FES 1—30 K BEEMB & TR, M7ES 31—60 KRBT, Z4sc ¥ AE i Il tdl (80.0 pg MCs/g
TH) FEEERA (410.0 pg MCs/g TH) AISEERY) W55 T IOHE SR AT IRLL ™ | #E 242863 ( Dong
SEO Y B A IR AL (26.60 pg MCs/g T-H) SCHG 0 AYHE AR S0 IRZ1 0 B2 5 e (78,82
pg MCs/g T5) FIE M4l (201.03 pg MCs/g TH) B a3 W2 RAT, w] 0L, Sk b g B i
BN AR LT R (MCs WRHZ THE ) B 76 MCs IPERTR , (28 MR B ] iR 4 35 TR, FLIG B & i a1
TR £0 T RS TRk v 1) A 2 — o AR 3 I R R A2

I WA R , 2804 EAE TR T MCs H ol i £ W45 A T4 30 200 ol o 98 A vl i A Uk 2%
¥ ( Salmo trutta) HAZZRTEE T 41—57 pg MC-LR/L /KR 5 24 1 5 56 40 L (41—68 pg MC-LR/L 7KAE) , H
A K AT MCs BOlE A A X FRAL 2 RS HE R SRR AR T 088 (Rutilus rutilus) RELAIE BEAE R &
Wy AEUR 2 5 o B e o T T R AR L A R R 2 i R ARt G ) | AT Sk i R AR o A
54.82—95.82 46.17—44.04 24.15—155.61 #138.38—288.21 wg MCs/g T H W B0 AR 9—12 &5 HAF
FE A SRR AR 2 B BT S [RIRE S it 258 W A M1 Z4 38 63 (Dong 25170 ) 7ERR A MCs
FHE (26.6—410.0 wg MCs/g T-H) AU B R 47—60 d J5 HAR & A KR 3 21K T 0 M 1 Xk HR 2
[l A, 2358 2 At F 24 AR ARG ARG R L FBE T RUR RN AL S 38 B 25 Lkt o MCs 5 2t 190 g i
FRRAR, PRI AL (IR i MCs) B AR AR K R AE MCs B 58 J5 1 BT B T 22, 72 2458 B Ak fa
R A R R Z A R MCs 5 B R I, 1 LA 32 A [R) R R 5 AR (R i ) Kamjunke 2572 7%
PR ( Rutilus rutilus ) TR PR T 348 41 IS 22 RADLGT 5 358 40 A A R 58 i A0 2 S 80RO BRI R 25
AL TR SR (B MCs) ] e 38 I BRI £ 2 1 fRDRHG AL 0% | B PRI RE R IE B AN Ak 38, DI (8] 422
FEHAK TR, Zhao 551! & B 1A WL SO DRI JE 2 B Ak f 1R A K R 0 3 i o IR (R
TR AR AR AZ 2 W 2, AT AR e % R A0 fRD Hp I 5 9 MCs (1. 25—5.46 pg MCs/g T-5) 5]
LT Hormesis B4 (Hormesis 2 5 55 8 7 25 28 8 X ML A o 8 2 7 7 g 390 7 2R 8 0 L A4 1) 0 31 3k
Jif) ., Calabrese %5 MEYR T REHE 2 i & BE RO A0 35 R 0T 51— R IR0, A B2 1 i 3 7 A
FEX HRZH 55 40% —60% , 1E L3R Je B B AR farh R A= K 10 S KRN LU X IR s 15. 8% IR TAE M7 3R
Hh R A R SR Y, RIS, A o A — S R R (IR MCs) 5 1R A2 E R it M d
AJREFR IR T MCs fEfZE 52 Hormesis WG, ZR-G HUA WFFE A JCH0 A A 93 5l 788 40 JE Xof A [7) £
AR A K R ARDRR FE A5 MR AT AL | 3 R R SR A MCs 75 B (MCs AR R ) SRR A1 1 v A0 i
PEAN M E TR (EL, R AR Sy it DRl B P R R R 2 AR, 2 [ B A R R K A rp A TR PR
T 5 ) 003 o PR A A N 2 IV RE . T DL, AN BE R I A SR Hh MCs 35 8, 0 SO AR A ¥ T A
BHE PR BRI & R 5t
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LRI, AN ) 2B A S8 (A MCs ) T8 3 40 it X HLFE T 286 1 5 W A7 2R B R 1 i, X8 R Zhao
L1100 5 AR L S T SR ( Carassius auratus gibelio) 7 39.12 wg MCs/g T8 5 MMM RRE 12 Rk T A
57.5% WIFET-3 1M A 3k 85 ( Megalobrama amblycephala ) 1.4 ( Ctenopharyngodon idella) £ 4% A5 F] 155. 61
pg MCs/g T8 W5 B by TRk 12 J8 DL L ATS 8 AT H 30 S 30 40 1 JE 125 WT 68 ( Oncorhynchus mykiss ) Fl1 2% 3¢ i
(Acipenser baeri Brandt @ x Acipenser gueldenstaedtii &) BET-RZ 50 ) MCs B2 A &9 95. 82 Fi124. 09 g
MCs/g TH , HILHEWT, 5 F 8 ( Carassius auratus gibelio ) F1Z4 A EFHET- 32 MCs 52 M 55 K, YR S8 T il 11
Je X A fa i LX) A Sk 5 R A S BN, HR ) B UM ( Pelteobagrus fulvidraco Richardson) | 7% 58 i3
(Acipenser baeri Brandt @ x Acipenser gueldenstaedtii & ) FZ25¢ % A 11 ( Oreochromis niloticus @ X 0. aureus & ) 7E57
S HLE S 71.96 201,03 A1410.0 g MCs/g T SEHBY DR 47—60 d J5 S50 Hh IS0 s
IR, Li 55 2K ( Cyprinus carpio) g T MR TE IR ML 28 d 5, KM BIELAYFET, HLAL, Qiu
AELOTSE R 3 RO B Bk Y 4 Bh A0 26 (8§ Hypophthalmichihy molitix, Hm, 8§ Aristichlhys nobilis, An, fi
Carassius auratus, Ca F{ Culter ilishaeformis, Ci) FT J& A 8 —4F 1) Y SRR SC 50 &2 30, B 0 X 7K A8 1 e
A HURR, FUOR e B a2 I FLAS S E) 25 S [l B i 28 oK B 35 BB T % Snyder 5571 IA
X MCs (BRSO T S5 30 £ Y A 2K | T BB A2 # 2RTE R AR /KA b 2B 3% PR BE 9 520, Malbrouch 7l
Kestemont ™ A BRI 10 28 A5 % (1 K A4 o 8 S B 8 FR 1k Y JRZ 5 5 MCs , iX S840 25 %7 MCs W 52 2 88
TR o T T 55 £ S A T R 7K A S AR 2278 FR Y U 25 % MCs FEBROBURS iRl v, S B R 0 2 R £
25 FERR Sy r ARG 2T PERRAR B AR, (EUR B X (e P 2 3R Y BB B2 1 T P 94 R £ AT Sk B
i T A A R e S T B [ A i S i B 2 B S [ R BB B T DR AR A 8 A T
SIMESRHNTE T A R N B I ol A 2 A B S e 2 O UYL AT D R i
Xof B A0 2 RTS8 () BCE LRI AN AR [ A0 98 5 200 0T 6 1) 0 2 LR B0 2R I R R T 1 N 2A DA R
AU BE | 1 HX BER 10 2 Y 35 R HLIHE 3 2 1 R 0 IS S A0 e th AR P PR SE T (PR ) o D9 A, AR
R A H ROIT SIS, REWCISCE 2 RO BT 2R DAL, SRR 1 2 0 I 3t ot 7 3R S URR, KT, [ Ay
PSS S5 T E | DA Sk fl R X I B R I U 22 S AR R T BB A SN W B MCs I BURK
PESZ LA I A R GE R AL PR o 28 M7 DA S R SR AR By A= 3% ~ MR S [RIVE AT
2.2 KAEEEERTHO AR BT A ALY R R

VFZAMIEAE AL 224 50T 3 a7 A R 0 M AT XS AL A Sk B o [RI st AL 238 18 B i S8k Bl
1 2 G A S A 0 0 HaE I8 5 o DAL B A R S0 2 s ik ) S s M4 R R 5T, AR T4
TRBE2E DL BNy T8, Mereish A1 Solow ™ 1 Se 48 S AL 3 40 th vl BE J& MCs T S50 41 i 383 473 A 1
FHBLEIS , MCs 20 i A9 B AL B 1 — B2 5 T G . MCs RS DEAUA R AL Hi 07, R R i 4 (ROS)
e B AL 7= PR B S A (LPO ) 1 B33 m 0% 0 T MCs A 354X 15 35 I 440 v fe JF 40 e 9 1)
ROS 3140, o R T AT A0 B P9 A B H K (GSHY) |, M & A= g it S804k , 5 |6 5 I 200 A 1 AL fh 4 493
T AN IR SRR BT RE T % e BN i st T A/ ST R It e e B e T IR
AL B T2 A2 BE VR BE RS2 | R8T e R R 2 AL A A8 BT S F T ) BBEOR 1T 3R 30 OO ) T R
DU AT P 1 BAIK PT BB 2 I 2 RS B AR A 1, 0 F T S A0t 405 ol g 2 1 G s T iR
O/ B G L IRE N8 0 S [ i 97 o 1 e Ao ST 3 o = O [ O SR I S E S S RY 13
TR I A 20 B AR ) Tl 28 v 20 S P80 18 & ) ) MR 2 €71 ( Orreochromis sp. ) ,21 d JE ) & B B AR TP A LPO
SR, YA, 3 A S (CAT) B ALY AL RE (SOD) (2 bt H ki Ak Wy il ( GPx ) R4 e H ik
W (GR) 16 ) AR W T o H)E 2 B R 7E 2P RE DR A GO 5 40 L % 7 v ADBE 24 h A72 h
J& , FCIFRE BRI EE B K SE (CAT,SOD  GPx Il GR) 34 i SRR AI, FL 52 B0 b (g e 1] -5k 0 56 R 5%
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XATRE R T MCs SEA N BERR AN [F] 5250 v R AN [m] A 130 A5 85 ) i 9 400 A R ik 1) MCs B AR [ ) B PE A%
3, PR £ 2 B8 A [ A B8 ) i 8 2 B J HOF B B A i S 7 A 1 AN [ 198 HE BRSO
2.3 JKARHEEENT S H AU VR

KA MCs XA B B0 O IR RN 25 20 2 14 B b A 40 A R OS24 e IR Ay
TR R B A A AR IR S R ] M A T i £ R AN IR AE SRR R AE T, JFAEAL
LAY e BRI BRAS AL T2 AT < I/ 5 4 18 B AR, K MR AL X 58 10, SR FE DX 22 R S8 e /NS T
Bl 5 240 L T 4 | 5 2 A AR AR AR 2 B o 2 FUREIR 5 S M AR IR 10 5 L IS g 240 o R v P b 4 R 2
o B AR b S5 R TSR AR A i R R ST A SR R B, MCs 28 14 5 4 2k g v 2 8y O i 2%
1 20 2 2 e e A R 9 o R A i S 1 M M R 58 73X, 0, Fournie Al Courtney™™ 43Il 44
Wi (Arius felis Linnaeus) FIRJEEE ( Fundulus grandis) £ 45—300 mg MC-LR/kg, X 6 h J& PR SL5; ff1 15
R T R AR AT, T AR 71.96 weg MCs/g T H 5 B kL 60 d J5 o] A F 5 40 T 4120
B L5 Js A LR TR A B I G I | ) I 2 B K e ) P 4 B 2 A P 53 A JH 200 PR 8 JHF 1 552 2 B — R 1Y
PEFRARZEFY TS AT AR ot T 5 R R A MCs J5 5 3% 700 26 00 PR MR LA 174 28 % W R, R B80T 4 L 1 T AR
FEN . HLEETT RTRER 0 A0 A A R SR RELTED PN T D B AR A B s Ak | T | R R v
IR, ST A0 M A AT T 22 RAE AR B IR SR A M B (400 pg MC-LR/kg) 1 h 5, B 305 st /N IV s 3
i1 . BE MCs Z& 5 I R SEC B v/ NS b R A0 s Ak A0 MOA [ 40 AR08 1, 58 0 b e 20 e s e e
VR BN IEIN  J5J5 78 B B -6 3% 4 b M 0B R BV Y T 0 e T G R ) ) MC-LR. (400
ng/kg 1000 pg/kg) J5HIAT LA MCs X HE BUF 4E, T ELES R REAL (1000 pg/kg) MOAERLAE HLAKH
YL (400 pe/kg) BZES) AT, MCs A0 25 B 7 0 EAR Akt St s ] - 390 AR v T v
3 WERSREATAANRREMER

BRI MCs B0 FHEIE, W38 RS IE b Al s HE g HE 38 43 MCs, Williams 5507 [l 437
FARIC MC-LR BYJ7 0158 1 MC-LR FE AR N 1 73 A 00, KPGEEE (Salmo salar) 2R IS [*H]-MC-LR
(0.1 mg/100g) 2 h Ji5 ,JHEHE 41T H FEF1i7 38 ¥ ] 4 0 $1) MC-LR ,5—22 h J5 ,MC-LR FZ & BTN, I IE
rh 1) B KR AT IR TS R 1Y 50% ,46 h J5 , MC-LR 5288 A AE AT JUE . S 7 £ AT e 4 B ), 1
FEDHACTE A T 31 MCs , 8225 PTZE LA JFPE R4 rh R 39 S 38 B 5 R 1Y) Ernst 551 7E K 4808 2 1)
[&] , X475 ] Ammersee 4RI 1 ( Coregonus lavaretus L. ) HHZIHEY MCs K0 & L, MCs B S AETHALIE
B, B TEIPE LA A AR rp R 3

XF T MCs 7E A P Y s S0, H AT EFANI206 5 5 P 1 R 5 sl e At i S 30 235 SR AR X A SR 4
FArHT R, MCs 75 f R TR R332 B R WA T ORI L RARAK AR A 136 > Pk B AR TR K S R 28T A0 25
DA S5 LR RSN, Tbelings %% X af 22 Tjsselmee W] BB ANIFSE A0, A SR KA b 7E A ) 8 55
R I REFILA s B0 MCs & R AR LR . N PR 2R s e e v 20 S TR A PR 2>
MRS, (R F Zhao 2610 20 55E a3 9—12 JA A0 5 B IRDRMAI R 5208 | RGEWFFT MCs EAN A &1k
S (R S H AR B B AR A PP £ 2 dm SRN Jy e s R £ 2 AT Sk B R A ) R R
LA AR R HF ST A R A I, b3 0 SIS JF I N UL PR o o ol o R AR R 2 109 LUAEL 23 301 R 37. 6,203, 2
433.1.2.2 472.6 H1 325 ;MCs {EFHEA B BURFI/ BN - 7510 <P Skl < S8 <0 < S T AR < JE B B
et WL AR R NV « Tl <A1k ) < U1 < S B AR < JE B B R f < 508  BR A S 8A1 , e 5
oo 61 2R JIL DA R e v e g R AR I O RS O e B R B S I PR S S R MR 2 0 AT, Malbrouck
A0 A T MC-LR AT EIRAT , &M ( Carassius auratus L. ) BB VR 40 M0 s e A A A ) 2R
A, K MC-LR T 5 78 4 i AR ERASTF A B A e ML sl 7 A P A N AR R T L iR B B RS 5
WHHRWHBEWATE R ENRR , AEEIVIRIRE T EA S R MCs,

FAEDT Y EE P  R E ER TR SE IS A, MCs ZEAS R 9280 AN ] MCs B8 AT AR ) 41
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ZUrb R I AR [R] AR SRR BR AL, I MCs ZEF B ARRI i (32. 3 g MCs/g T8 ) WA S K frfel 3 i 10 JiT A
Hh ) AR SR A R B BT ()RS T o, T R 4 (71 96 g MCs/g B ) 5256 00 D0 3 9 Ay i o ] 4 1 T
B, TLEA Y MCs 78 ANk v i AR SR S 1 3 B A R (B A A0 1 T R, 2 30 JIE I FD LA T MCs 19355 B
FRN  FHES LA . MCs TESEEE &R TR MCs 552 10 15 Sk LRk i) 2 28 20 A f R 2 3 ST IR UL A Hh 1 L 2R
S AN IR EF R0 60 7] S AR 2 T, I 7R R AT B, FLFE e MCs 19 5 B e 3 B s [R) N 7 o B
IR0 Xie 25003 1 A4 £ 00 A0 8 400 it 10 S 36 I BE B B 0 MCs 7RI % 20 d 5, IFAE AR A9 MC-RR A
24.63 [EE 3.21 ng/g 5, JLAH MC-RR M 1.77 BEE 0.8 pe/g T 5, #F—ES MC-RR ZE S 1
B R HCRETWLA L,

AR TAEHL (WHO) @AY A AT 32 B9 MCs B A= FFRR M 0.04 we/d/kg K (BW) (21 Magalhies
250530 4 90 1 PG Sepetib YEVE TR A R AR LA h MCs (9°E2 & R 39. 6 pe/ke T3, AR &8 19% (17K
FEE T MCs B & T WHO B2 BRI, DY F Dong 45070 Gl # i fa e sc % Ak i 2832 65618
TERR AR R MCs 75 5 (W 35 B 1B 47—60 d S5 sk 2 43—60 d 1R TG #E B inl kY 25 2B BRI B, WLIA
H MCs F T WHO B9 4R, Zhao 550V 1 (A M 15 6 K3 1 9—12 JEI R SR 48, B e 2 B
5 REEAMAL S A MCs (300—1500 ng/d) , HLA AR R A MCs X AR AR AN 2 4, (H)E: 5
AR R R DRE CIRDEE T MCs 5576 R SR K MR B3t 3 5% 58 1) 10 2 mT R ER ALY MCs % it 35238 ) JE ILIA T MCs
MR N 16 ng/g T8 WAMATE 60 kg MY NFFRIEE 300 g X FEfa (THFIE 75 ¢) IS4 MR H 4%
A MCs 8 0. 02 pe/kg REE, KT WHO B2 4R &, T DL i /K AR 2 00 7K AR 1 7 DR 7 2% A
X224 B A0 SR T R W 3B A A 3 T A LA SR 14 1A 95 4T ) 8 Ay P L 0 S (A )
G RDRR R R SR I R ST R A B SO A Sy HoA e v S (e B B R M) B A RHE B RGBT
R K JRIEEE
4 BEWNHERSENHESIIE

HAiA a2 HEAR N MCs (R K i d LB S AT R AR N (45 2590 SR 7E K
ZHHNEY) B i A, BB R AR B 2E Gn P450 , K225 T A8 B8 K 1 AH B
FARAST T AL (0 X Sl R e A2 IR EAS B K (GSH) J& ) Z A7 4E T sh M 4n i v (4 = Bk, & =k
WA B8 2 0 AR OB vh 2B 45 G ) T 22— A 2 80 1 B3 PRk LA AR /B FH S Kondo 2877 7
BRI/ BRUFFAIE A 8 U2 MEAG U 31 T MCs-GSH-2 B & BR 25 & 7= 4 . IRl Takenaka'™ 138 i< 142 70 5K 56 UF 52
ol g T S e K U A0 YRR BROR A P 8 A DR H KB SS BS E (GST) AR TE B MCs-GSH 45 54,
Pflugmacher 25" 7E R GTKAIY) A0RIK 2 e PS8 52 T (RS S 56 rh i ad AR BB MCs-GSH 2554,
Jt4E H MCs 55 GSH 45 & Rl e A KB AEMIR N B2 1 28— 20 T JE E— 2548 T MCs ek A A ik
PR RE AR AR AT AT BERIRI =4, Xu 5 R ST GSH AT AR, W12 0E I T GSH &8 a3 411 i JiF
U H R B 2 A A0 TG TR MCs XHa SRR , SERETF AR & BUARDRL Hh RIS B B A GSH 1]
VIAG B % it 5 3401 ( Pelteobagrus fulvidraco Richardson) 5 AW SRy B 5EME , #E—251ERH T GSH nI REAE i 24X}
MCs R0 B fiff B 35 B v B4 T CHEE I
5 REE5RE

— 7T, B ARG AL MCs 115 SRy T4 5 28 (0 H 3, T 300 MCss 149 T S0R73 DU 25 AT 1 25 11
PR ) v R T 3 e R AER £ 28 ) ARDARL A A AR A Ak 2 DA T (R4 S BOLAE K 5 0 — 7 T A
W TR T 0 R, T X £ 2R B — AR A RSO, , LS A B SRR B SR T, Bk kU1 28
BPUA LB A S R o R B A L 2 3 B B S ORI R e B ARk DL s B MCs B 4 T £ R
FINLN SR . ™ MCs 15 3k ol 4 3 240 I A B AR 12 7 5K B 28 i B PR SR /K A4 i 2B 76 2T 1 5
Ay ] S £ 288 X W R S 3 A B A R S R A S S MCs PRI o A SR 1 R R A T 2 A
FRALFE 0T A0, BE S RE  E pEf  (nfn ) e B e bk 2k Can e B B A () (DR TR
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HAIRKI A GRS, 2 b BREAMRN MCs BIAGH S LR AV 2, A 58 GSH & MCs 5 GSH 1)

tifs

FEMIAE 2% MCs AR B A2 v R A O/ S A R AR R 2 AR A TSR AL, R

X A A TR 52 5 v ) 10248 S WM ) O BB AR 2 ey W DA AR IR S 1) i TR
Bt REESC L (H. B, Chen) XfASCS /RS TR D), I B0M
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