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Physiological Stress Responses in Black Seabream Acanthopagrus
schlegelii Subjected to Acute Hypoxia

Byung Hwa Min, Mi Seon Park”, Jeong-In Myeong and Hyung Kyu Hwang

Aquaculture Management Division, National Fisheries Research & Development Institute, Busan 619-705 Korea

The black seabream Acanthopagrus schlegelii is an important species for aquaculture in Korea. There are, however, no reports
on the physiological responses to hypoxia in this species. The objective of this study was to evaluate the effects of acute hypoxia
on the physiological stress responses (plasma cortisol as the primary response, and plasma glucose, hematocrit (Ht), hemoglobin
(Hb), sodium, chloride, osmolality, AST, ALT and total protein as the secondary responses) of the fish. The experimental fish were
exposed to 0.5 ppm dissolved oxygen (DO) in the seawater via two methods (progressive stepwise decline (Exp. I ), and direct
decline (Exp. I)). A highly significant increase was detected in plasma cortisol levels due to the hypoxia treatments, and fish in
Exp. I had hormone levels that were significantly higher than the fish in Exp. I . For plasma glucose, there was no significant dif-
ference between the Exp. I fish and the control fish, whereas Exp. I fish showed significantly higher plasma glucose levels than
Exp. I fish and control fish. Ht values increased in both hypoxia treatments; however, Hb concentrations increased only in Exp. I .
Although plasma chloride levels were unaffected by acute hypoxia, plasma sodium and osmolality levels increased in Exp. I .
Progressive hypoxia (Exp. I fish) increased plasma AST, ALT and total protein. These results suggest that the value and direction
of changes to the investigated parameters can be used to determine the resistance of black seabream to acute hypoxia
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AEd|AE B o] Fbo] Y14 Ei 21914 Xt o
o 1= Adeoln, AEH A vhg-olgk A7} o] 23k A=
S FEs= Ao 2 & A Qi (Chrousos and Gold, 1992).
FA] S0 A=A W S AQl0 R 7lofs
(HAk ), W5, 4, 7, A1, BH0terE ol 9leh(Bar
ton and Iwama, 1991; Davis, 2006). ol RVt AEY A SHEFQ Q]

of & E Bek37pe] g0 % Bl Alsita o At
2 W3l d4E o2 77 %I_E}(Wendelaar Bonga, 1997). 12}
W-E AU W0 Mg B4, Aol
T18]a1, A SlrA-A14F Z(hypothalamus—pituitary—

interrenal axis) A of] T2 FE|Z HH|7} o]of] &3kt 2%} vt

oL Bnlyge] BRYu FRnA0 g2 oux] 5
o] subelct. YubA o2 WA ;E|ET} FRAA A S
ZEd2A fR0) wdo] HHE A F} AEA A G0l

ok 31 2 SE A
2lo] @ Eet XIQQSE% A 790 o A7 S 3
535}%) 23 o) 24y L welA) AT, 14 7]
5, Ao A A9 oekg wzl E]-(Barton and Iwama, 1991;

Wendelaar Bonga, 1997; Iwama etal. 2006) AEY A FEEQ
Olof| W= oA Q] Y=, A2 ehA HFS-o A2 A 0 & o]Fu} A
Ed & fikadl Fejof whet %’EP‘JE}»E— Zlo] of2] Ao A

1 3% H} Qlth(Barton and ITwama, 1991; Iwama et al., 2006).
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&o| Ygskr] FofaL, Agto] FP gt o] ol A H &
71Eo] B oA o B o] A5 o BAE 4 Stk
(NFRDI, 2009). A4 gHgollA= 380l o]k Rltka
TR =g QLo 7hRe] 9l 5] A of
E P WAk o gt vl 7} &7k st
T 4 24 FAA

7F A A T4 Aaka dAo] Uk, o= oF4 o]
79 ], 71, 2% o] 7] tjAfo] ol s gukgro A o]
HAfe] 22 o2 Je-S v]2lth(van Raaij et al., 1994; Lays
etal., 2009). 23k AJ4kas 2ol whE ThFeh A2 ehA] #ist
L o7 o]Zo)A] W& A 9lth(Caldwell and Hinshaw, 1994;
Lays et al., 2009; Sun et al., 2012). E3t AJ4ka= G5 CO,,
=732, hematocrit (Ht), hemoglobin (Hb)2] A<5(Smit and
Hattingh, 1978)3}, Ltol7} ®o]id 4], A4, AR a0l s
Z g $hH(Chabot and Dutil, 1999).

A= (Acanthopagrus schlegeli) S F-7171A7F 2 54
W 4]t 0.2 QoA Slom, JIBERAIAE 0 AR

o

[e]

ool skt 5313 Qs Aok Eak ZAES o2 A1
ZHE 91T R EEOR FRALS B3 Selue 4 A
of e R H I Gl F ofF F shiolc,

BT BAL HHOR FATIAES thAFo.R A4

A ol W2 AEA0] 127 WH-S 2 ulahA, AJate
e RENT R
HE U Y

Azlof

= ABl A PAES Zd AR Aol 23 e A
Ao 2 R8E 30002 (Bt A 17.0+ 1.7 cm, A5 78.7£17.9
215 TUstol FRUSATSFAEAL 71 ) A A AR 52
585 1E 954 U3 FRP 42014 1487 234171k o]

1
7179 22 21.2+0.8C e, L 34.0+0.2 psu$,
on], DOE 7.8+0.4 mg/L 31520 23] A4 WA RE &
B, A9 244171 AR E= Ak A9 W7k A9
of<]

oJshgict.

15E 20 25AR1 AR oE 3709] 500 L 9% FRP =2(
84200 L)ofl 150te| & SA] A desshglon, Le
29 221987, FE-2>33.8psudlth. 2 =20 27 W 4
S o 2k A A 2t 22, DO= 7.6 mg/
Llon, dedo] =2 olF 1050 = /A =58 s}
AEH(Con.) = WA 2= Ao =2 o5 10250 At
2(N)E 5ol =3t DOE fAlzon, 11 Heks
AS771(YSI-556NPS, USA)E HUEFSHA N5 A4

DO = 6.6058¢ 00%Time
R?=0.9789
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Fig. 1. Profile of dissolved oxygen of hypoxia treatment (Exp. I )
for black seabream Acanthopagrus schlegelii.

o 7h v dE A (@B eht AR ARl FFol B
71 QA F=d8HR e v(1.2 Limin., 70:2), o1 2] DO &
S 0.55 m/L, N, 790l w2} DO A| 4542 0.7 74
SkTHFig. 1). N7 o] == 3lS uf o] 2o dFojzk
&) &S THExp. T : 2291 DO #4). Al WA 2= N,
= T3t D02 5 %7H0.55 mg/LE g3t tha, deolE
w71 10250 A E3FAHExp. I : F42F DO 7Hb).
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ol 2| HA Z+ 229] tricaine methan sulphonate (MS-222,
Sigma, USA)E 150 ppm?] 57} 5| =5 H7}sto] Aol &
1} 8}t heparin sodium # 2] FAL7](3 mL)E AR&-5}o
Aglofo] vl 3aako 2R Aole AFlske], AR Hed H
& 270 AHgteon, Lhojal 244 T, 10,000 pm,
152510l BHS Belelol BATHA -8000] 2AL WE
o] Hasheiet

Hte= @S WAf-2]tol] ¥of 4E2(10,000 rpm, 104)
3o Ht =4 HMICRO-HAEMATOCRIT READER, Hawk-
sley Co, UK).2. 2, Hb2 Hb A5 A 5}8-24 7] (Fuji dry-chem
4000, Fujifilm Co., Japan)2 =435}t MCHt ¥ Hbe] =
ALk v o 2 WA d 1Y Al A5 (mean corpuscular Hb
concentation, MCHC)E th-2-} o] A4kttt

"MCHC (%) = Hb (/100 mL)/Ht (%) x 100

A FE|Z2 cortisol EIA kit (Oxford, USA)S AR&-5f0] &
AW E 4 (enzyme immunoassay, EIA)Z SA3}% 0™, 7F
23] A kA H thS} 24} ethyl etherE AFE-51o] &4 100
uLZ5H cortisol& &3 &, -7-7]4(organic phase)S &
sto] o] &N, 7k = FHEAIZA T o2 100 uLo] 5= buf-
ferol] =015, 0]% 10 uLE thA] 990 uLo] 32 buffer o ¢
EEUNEERRENERTE CREE Rt

8- 50 uLE microplateof 2§HE0 2 Yo o F2E0] Cor-
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Fig. 2. Levels of plasma cortisol in black seabram Acanthopagrus
schlegelii in hypoxia. Values are mean+S.E.M. (1=13-15). Exp. I :
progressive stepwise decline of DO, Exp. I : directly decline of
DO. Different letters denote significant difference (P<0.05) be-
tween groups.

tisol-HRP Conjugate S 37}5}o] 14|17} 59k =20l Al 73t
MicroplateE A2t 3, 150 uL TMB 7]2-& 7+ wello]] ¥
& 30% B2t HH3-A]7, microplate reader (ThermoScientific
MultiskanSpectrum, Thermo, Finlan)Z 650 nmoj| 4] 71& =
Aot ZE|Z2] E-4 A] Inter-assay coefficients of variation
(CV) Y Intra-assay CV+= 2+ 2.8% (1=66) 2 10.5% (1=8)
o]Qict. @Ako] 22 I A 9 AST (aspartate aminotransferase),
ALT (alanine aminotransferase), T2, Na*, CI-2 A4}
sl 7|2, AR s AFEAEA 7] (Vapro 5520, WE-
SCOR Co., USA)2 24319t}

SA=EA

A A A= S ot + EE QA2 YER S o1, SPSS
SAZZIH(ver. 17.0)2 ARE3] one way-ANOVA 2
S

Duncan's multiple range test 3-2]43-2 4435 tH(P<0.05).

2

Y] 2 E sEE 279 A 69+ 1.4 ng/mL o H,
HEZY] T FAsH AR 53] &
0= 7143t Exp. [ 223.7+ 1.8 ng/mLE tHA| 2| o
25} I 2] 13+ 1.9 ng/mLEt} =ktKFig, 2).
Z70] A9 57.2+3.2 mg/100 mLg.>
7¥7} 71.5 mg/100 mL, 2 113.6 mg/100
T} Apol & HoA] AfgkoLt, Exp. I &
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Fig. 3. Levels of plasma glucose in black seabram Acanthopagrus
schlegelii in hypoxia. Values are mean+S.E.M. (r=15). Exp. I :
progressive stepwise decline of DO, Exp. I : directly decline of
DO. Different letters denote significant difference (P<0.05) be-
tween groups.

Table 1. Levels of haematocrit (Ht), blood haemoglobin concen-
tration (Hb) and mean corpuscular haemoglobin concentration
(MCHC) in black seabram Acanthopagrus schlegelii in hypoxia

Ht (%) Hb (g/100 mL)  MCHC (%)
Control ~ 29.9+0.9° 8.740.4° 27.242.7°
Exp. | 39.741.6° 10.7+0.4° 27.440.8°
Exp. |l 35.9+1.0° 9.240.3° 25.5+0.7°

Values are mean+S.E.M. (r=15). Exp. I : progressive stepwise
decline of DO, Exp. I : directly decline of DO. Different letters
denote significant difference (P<0.05) between groups.

Ht, Hb & MCHC

52 AAkA o] whE Hte] §i3k= Table 1] Uref
ek 29 Ht= 29.9+0.9%% U Exp. I 9 T+ zH2f
39.7+1.6% 2 359+1.0%% hrFLETE So8HA Egke
], ESFExp. [ < Exp. I 2o} =90t Exp. I & HbY| 5=+
10.7+0.4 g/100 mLE ) 272] 8.7+0.4 g/100 mLE =910
U}, Exp. [=9.2+0.3 g/100 mLE o 279} Rfo| & Ho|z]| ¢
okt HE Al Lo] MCHC: 25.5+0.7-27.4+0.82 187F

£ xfol7} gloiek.

Y HETsE

Na*, CI”

A leZzof w2 Exp. I ¢] Na'+ 187.4+ 1.4 mmol/L2
th27-9] 181.3+ 1.0 mmol/LItt §-0]5}1A] =k}, Exp. I
2 184.7+1.3 mmol/LE t) %719} Xfo|7} §igich BE A3
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Table 2. Levels of plasma Na*, Cl and osmolality in black seabram
Acanthopagrus schlegelii in hypoxia

Na* (mmollL)  CI (mmoliL) ?rﬁmg:ﬁ('g
Control 181.3£1.0° 167.6£0.7° 339.1+2.5°
Exp. | 187.4+1.4° 168.3+1.3° 352.7+4.3"
Exp. Il 184.741.3°  166.241.2°  348.3+3.4®

Values are meantS.E.M. (1=15). Exp. I : progressive stepwise
decline of DO, Exp. I : directly decline of DO. Different letters
denote significant difference (P<0.05) between groups.

9] CI2 166.2+1.2-168.3+ 1.3 mmol/L H{|Z2 157 F
o3t Aol 7} giek. AF S Exp. 19 71} o}
T Na'9} 2 4] WS Bk Table 2)

AST & ALT

AAbse 2ol W2 Exp. I 9] ASTE 53.1+11.6 ULE o
230 209+3.0 ULETH 2814 =9kANE Exp. 1=
327464 UL=Z tfx+e FAZQ] Aol HolA] Agltt
(Fig. 4A).

Exp. I ©] ALTE= 9.6+1.6 UL thx12] 4.1+0.4 U/LS}
Exp. 19| 5.94+0.9 ULET}H F25H =3k, Exp. 1+ o
Z-e} zto) 7L ¢l glch(Fig. 4B).

o270 ekl A =2 740.1 /100 mLY C., Exp. T
£ 34401 @100 mLZ HiZTHc} 9rout Exp. I
2.9+0.1 g/100 mLE thz2e} 2407} 912 TKFig. 5).
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Fig. 5. Levels of total protein in black seabram Acanthopagrus
schlegelii in hypoxia. Values are mean+S.E.M. (r=15). Exp. 1 :
progressive stepwise decline of DO, Exp. I : directly decline of
DO. Different letters denote significant difference (P<0.05) be-
tween groups.
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Fo| A FE|EL FQ corticosteriod & AEH AS wF
R ek s CERELET
Z AEHA XHZE o] & HTH(Mommsen et al., 1999). Lt
O 7 QMY s AEEAE W] oF= o] 78] YREAQl &
Z 5+ 30-40 ng/mL o] X THWedemeyer et al., 1990), ©]
22l FEF Fe 5 ng/mL 0|5k ekl Qlek(Picker-
ing and Pottinger, 1989). 1452 A%, eHgA Q] FEE &
=7} 10 ng/mL ©]3}2 58 A Q1.2 (Min et al., 2005; Chang
et al., 2007; Choi et al., 2007, Park et al., 2012) & A7) A
 ofo} ugt AI(HET: 6.9 ng'mLy7t ek, et

2 AN
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)
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ALT (U/L)
(o] [oc] 5\
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Control | Il

Fig. 4. Levels of plasma AST (A) and ALT (B) in black seabram Acanthopagrus schlegelii in hypoxia. Values are meantS.E.M. (r=15).
Exp. I : progressive stepwise decline of DO, Exp. T : directly decline of DO. Different letters denote significant difference (P<0.05) between

groups. between groups.
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YAl LEEY] T oF, A7), =, FUEH, A
W2 2 A Qlyt g dAof wheh deprivkar o
tH(Barton and Iwama, 1991). & Lo A= AAkA =2
3019 HPI S5 /3t A B FEES A A
o7 gon E3] HxH oz DOE W& Exp. [ o4+ 23.7
ng/mL, 7231 ZA] DOE @3 Exp. I o]4]+= 13.5 ng/mL=
Exp. 10| 188 A% %k, o| 23t o] 9= Exp. T 2= 4414
(DO=0.55 mg/L, Z3}% 74%) =53 105 FoHyt AEH A
S WA Exp. [ & D09 oj= 5= A= & 7t i3iu
A8 AR o] MHEH AlgGsiA Aikaxe] ThE AEAE ol
7] Wzl Aoz oA Ahba o] whE ofA|9] 2
E|E A2 W2 ofFo|A] RE|l Qlth(Herbert and Stef-
fensen, 2005; Lays et al., 2009; O'Connor et al., 2011). Lays et
al. (2009)°f] W= spotted wolffish (Anarhichas minor)2] I
&9 Fert Ahta =54 5 ng/mL gl om, Ak4o]
ST} 40%7H A= f1OJRE Aol & HolA] kot 1 23t
7F20%¢°l A<= °F 35 ng/mL = 77 &= 573t HhH, 2 1519
Exp. I of| A& Aka 23127} 74%Y o FE|E HZ27) 3uiA
T3t AR et A 02 B uf ik AEH A e
lofl that e & Hh-g-0] o} o] whe} th=A Urehe & & = 3
oh AEYA NS At o2 A A Qo) FF 3
7ol whet ohEd|, B3] A B R o5k lS o 2
Z9] =7} F 30 ng/mL (Chang et al., 2007)% ¢ ¥hH, -2
AF22](20—30°C)oll = ©F 106 ng/mL (Choi et al., 2006)& L}
B} 2 QoA T} 8 202 el Fg Asd A v
80 ofgol upet chzs] ol 5e] e AT 258
&ref A lk(Silkin and Silkina, 2005). A9 A4 o] 5
B A4S HESk] oy AE A el = F
FEE 45 (Min, 2006)] Aof} of 7o 22 44
R} e ARS K ol=d|(Barton and Iwama, 1991), &
oj ol Al AEH A FrEa gl gt ZEES] W vk
EgA bl QlA]of tiste] HPIS W o] A7 viH]
Q1 Zl o2 Koz th(Vijayan and Moon, 1994).
ST 38H o U A|(ATP)= At o] 2{FA o= 7]
AR AJA7F HE R F=0] AA | A] thAte A =23t o
& Sth(Lucas, 1996). =079 Ml @ 25314
T ofFol whet o), o, v+ B doji} o] Fel
o] ZAo] 75t o] F o] A &= 54-180 mg/100 mL (West et al.,
1994; Blasco et al., 2001)Z &-5/do] A9l ¢l+= rock perch
(Scorpaena porcusL.) (Silkin and Silkina, 2005) & g x| ( Para-
lichthys olivaceus) (Hur et al., 2007)2] 73-$- 20 mg/100 mL ©]
Sl HAEAl Qlof SHYA] B SR AE 0T Ws5A
of we} i E= Ao ' o AZI 2 A ¢ of2] ¢4 (Min
et al., 2006; Choi et al., 2006)o| 4] ZH352] AHAA FFIA
SEE46-57 mg/100 mLZ UEh Y 27349} 3-5-110] -
oA & wf FdEe th FEAo] Sl ofF LR HojA|H,

ol

s
A

ol

> X0

Rlor
f

¥

N
X

ul
o:

2 90 0
gl

T
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(NI
[ o,

BN rlo 4
i

w9 2EF A 823

54 olfo) WAY FRIA FEAL 5L ol f 0|5 ¥
o] gja} @78 2 20| 2 a5}7] wjo|chSilkin and Silkina,
2005). &0l dRtd o AEY A fH Qo] s W
G 25340 AEEY HEo] 45t (Barton and Iwa-
ma, 1991; Nolan et al., 1999), & H3Lof| A= o]2|3t FAlo]
et ZE S 7 Eob2 AE | A0} w ko] 7k7)
FAIAEHA (gluconeogenesis) ¥ 118 G(hyperglycemia)S 5
Asl= IS 51 (Vijayan et al., 1997, Fabbri et al., 1998),
G2 2EY AR Qs F7HH oUA] 275 SFA7 =
© & oF A 9lth(Vijayan et al., 1997). Ak AEHA &
I @ Qlof ofgt @4 S50 F7}= " etu] o Oreochromis
niloticus) (Delaney and Klesius, 2004), AJH|2]ot Z7HAto]
(Acipenser baeri) (Maxime et al., 1995), A 22| =(Astronotus
Ocellatus) (Muusze et al., 1998) 5 o1& o]Fof A YelAL Q]
ounf, B A= ik eE2 A FFIAA(Exp. [
71.5 mg/100 mL, Exp. T': 113.6 mg/100 mL) A2 S5}
k. i Atofl A= Exp. T o] Exp. T 2t} A4kas = F A7t
worar o] & Qle| @4 &2 Exp. [ ©| Exp. I Bt} =9k
o= E+tskal, ©5]8 Exp. I 9 %324 %7} B &4 U
Epyith o] AEH A FHQ Q] leFof| tisto] 229
AF0] )8} L (Davis and McEntire 2006), H3}7} $17] 0t
(Rotllant and Tort 1997, Jentoft et al. 2005), 7F4:5l= HA
(Wood etal., 1990)0] of ] e15-2tol] ]33 31571 I}, o] o
Do A2 b ATt AAE o F7F 2B A ARol| A=
F2A7A) P 4AE S8l e iz 2ul7t Best
7] e iZofl ZE|Ee] ot AT Hry SR A AT o | 2]
O 2] Alg-o] Wely] | 2 34 & (Martinez-Porchas et
al., 2009), o] &3t o]-F-2 Exp. I 2 Exp. I Bt} FFF 0] A}
o] weky] whef v} e o= AlRHL,

Uk o 2 dNel4 parameters (Ht, Hb B W@ 5)
O] WMgh= AEYA0] 2244 ¥hg-0 2 LRI Tth(Barton and
Iwama, 1991). He 8% 487 §4& ehin] ol
whe} ufj-g- o2 A Yeptb=t|, SRAA8} uzy A = e
o] 733t o}%(sea carp, Diplodus annularis L.: 2F 40%, %178
o], Trachurus mediterraneus ponticus L.: °F 34%) (Silkin and
Silkina, 2005)¥ <=5 71 Zko] =11, EF/do] A& o]F (Al
ok 20%, 7 x=t}e, Platichthys stellatus: 2 16%) (Hur et al.,
2007; Kim et al., 2009)0]| A W& 73S B olct & ¢l A
Wm0 AL Ht= OF 30% 2 E-5-0] 42 of Fhrh 433
- G HEAE TR = AR FRIFGIAL, o] AS L v
5ol L agt G| Aapgeo] wrhe A SRRtk &
d T= WA A4k ol w2 HO| AFs-2 ol 8] BEolw
oAl Wo| B 1% 1 Qlth(Yamamoto et al., 1985; Wells et al.,
1989; Muusze et al., 1998). Peterson (1990)0f k=24 Ht&] AF
S A8 F7HE vIESt] AE WA, @ A e

ol2iet 89159 Zetof whef et Thal SHoiH. 2 ARl Al

ME sy kel
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MCHCE| A3}5 B A4k ol ik Zo] 7} gl 3=t o]
A HUA ol 4879 o] obd 474 2710l 72l
ChaL Hoj e}, o] o Thedsto] H/d ok v A Abar leEof w2
Hto %5 w7 &2 tha: 2fo] & Hol=t] & A4 54
59| A, 7HElZoblo] v =8 AIE B35t AlA AE
5 g0 2 W& A7Ick(Lai et al., 2006). Hto] 7= g
) ARARES S7IA7] B, AL A 5ot Heol S7Hs AL
#o.5 ofAlo] AH.0% G, £ His Bolo] HEs
=0 2 @ HHof Bagt A A FE wol=
A2 Aol A Exp. I o] Exp. I 2o} SF329] W-e o] {5
SR H o)k Qlck(Perry et al., 2009). & ¢1-0) A= Exp. 1
9 T 9] Hto] gjz0] ula) 212} oF 40%5} 23%7} 71515
<, o] 232 & uf, 9A] Exp. [ 2 Exp. I Hoh A 4baof] w}
2 AEds gl H A0S T 4 9tk

TR A AEY 20 23 g0 ® E-u|ulE oo
W37} YeRdth(Barton and Iwama, 1991). Ywtdo g 23
FE2 Aol 48 dES AR RH Al Ye]9] o]
BARE FAIRIE o] H3t o] f & o= B Sl AHRe 24
-85 sh=tl, ol st "arellAl T AfolE Helr). 3
olgo) 49 Ao YA AR B SAI517] st
o] 22 W&, Z2 S5k AMNEYERE T8 7RIt
(Min et al., 2009). wkepA] oo Qlo] 245, a5 2E
Bl el 128 ofofa Aol B9 of] A7
Ao Na", Cl % AR5 =9 skE Zefith(Nolan et al.,
1999; Choi etal., 2007). 1= Aol A Exp. T & % Clofl=
e AR gokey @4 Na® d AR AEEE 65A1A A
291 AAkas =E2 ofA| o) AR EA ol S skt

25 g = A AST 2 ALT:= ofu| o] f
FThw Yo g IW)E Agroln, ERl 2R3 A4ka,
pH, St Yo}, Faol ot AEYA WO 2% ARGt
(Pan et al., 2003). & A1) Exp. T o 41= AST 9 ALTS] A
SO A2 o] Yebgt2-2 2ulsiit, Exp. T ol A= o
Z7-ef vl sl #M3t7t gllek o] 2 Exp. I o] Exp. T Xt} 7F
A Aol QRS 012 R Ak o] U300, Eat
Exp. I of| 4] o] 4% AAbA 2 Aol 10 olHfoll=
A2 &2kl WSt gloke Ae ettt

Ao Fud Sk 84 9 S48 A7, A5
2 3 AR e 3 IEE A4 AR o] 8= (Riche,
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