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ABSTRACT

Effects of ambient nitrite, NO,", at 1, 3, 10 and 30 mg/l, on the changes of plasma nitrite/nitrate and on
hepatic drug-metabolizing enzyme activity were examined in the juvenile Israeli carp, Cyprinus carpio. When
the fish were exposed to 1 and 3 mg/l NO-~, there was an exposure duration—dependent increase in plasma
NO;~ over the 96-hr period reaching 6~7 fold excess the ambient concentration. In the fish exposed to 10
mg/l, a plateau concentration of less than 2-fold of the environment was attained in 12 hr. With 30 mg/l,
however, the maximal plasma NO»~ was 41.25 mg/l at 12 hr followed by a gradual decline. There was a con-
centration—dependent increase in methemoglobin (metHb) level in all NO, ~exposed groups and a significant
decrease in hematocrit value in 30 mg/l group after 96-hr exposure. Apart from the blunted increase in plasma
NO;~ with higher NOz™ (10 and 30 mg/1) exposure, the ratio of plasma NO;~ to NO,~ was significantiy higher
in these groups compared to 1 and 3 mg/l. The imbalance in the plasma NO3;/NO,~ at higher NO>~ exposure
suggests a possible accelerated conversion of NO,™ to NO3™. Nitrite exposure did not affect the hepatic drug-
metabolic activities in juvenile Israeli carp. All these data indicate that disposition of NO,~ differ depending
upon exposed concentration and that metHb production may not be the exclusive toxic mechanism in carp
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Ao} AxE o wel Hel7} Uom 5
F&3)= chloride o] (Cl7) 57 ¥ A%
] ¥ A3}y ) (Lewis and Morris, 1986).

opAALE oftulell A HFpAQd Clrold &
WS A AR F4E7] die] 83 ¥
22N =t £%4 FEEOE yold 47t
9l (Williams and Eddy, 1986). @32 S0zt
obAAlE A3 F2] hemoglobing methemoglobin
(metHb)Z AF3}A)7] 31, o] metHb: AbA-2HE5E
Azl =23 oFe AHAaF ol2A H
AL (Eddy and Williams, 1987)0] A< 2E o]
M9 FEAQ e Fod HA7|AH A
gt opHARE oprlmle] Cl o] F471%E A
- 2o 2R Clrel22] F57F Afe]
35Ao AoHe PeolFol A A sl
Ael] 73S 28k} Jenesen et al., 1987).
Clrol W& 7olA HAsR Gl frh oF
Aboll ARIE}7] wEol| Be A7t T2 el
o ofs] =<}k (Russo and Thurston, 1977;
Lewis and Morris, 1986). o}& A x=Z0] 28] AZ
B Hoplias malabaricus®] 7}l A glycogend
37} FAEE ubE WA ZAME 23]8 A el
2215 = Ale] H/aE g} (Moraes et al., 1998).
Silver perch®] X|o]& 2597t 1.43 ppm o|AFe] o}
Arbel] xZ2A7|H AAre] AdH e melAE
of7lm] 8] &Ate] A TA o7 HAFH I (Frances
etal., 1998). A AME A9 do7|7] e 52 ¥
A e 2w (1.0~25mg/Ne o}A-Ae| zo
(grass carp) X|o] & 1597 =ZFA7]H #AAE A
AR, 5& a2 2 {9850 Aot vet
o} (Alcaraz and Espina, 1997). ©] o 2% o] &%
o AadAFe gl gt whE tviol WA
ge Zhme, bl AL AT A
How ge vgg vy dalel Tasi W
oz dAlRe WA T & 4 9l

AL 718 1.62ppm obAb) 717 A7)
% A7) ASH= 371 ppm ol ol M E HAHg]
Hx8}A Z7}sld e} (Colt er al., 1981). Wedemeyer
and Yasutake (1978)% steelhead troutx|o] & 2
o}AAL ==l 0.03 ppmol|A] 671Ut AFESted =
obmed AR} b gee BAHAG,
Siberian sturgeon$ o} Ale)) disfA] wlwA A
o] 7}slAlul metHbe] AJA&-E o}&lAlo] 25 mg/l

3]
of

ot fL b Fu ol o
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olafolwl o}F- Zpo|7} QUi HAde] Azt £
Al Aol A B Aoz Hel:
A A metHbe] =7t 238 2 7= ¥
A7) W&ol sturgeons A metHbe] A Adwte]
obAe) HAE LT F14o] obd FheAel
A A= v} 9lo} (Huertas et al., 2002).

oJole dnbd oz diiRe] EAEA YA
Jadel 74 Aoz QAo ek okate] o]
o wlAE SH7AE AAA 714 hE B
FolAs B2 B=x) g Aos ArEw YA
=49 ArE o Rhelf e ulmslel Az
2= oko. 7 Ztd(Jensen et al., 1987; Williams
et al., 1997; Williams and Eddy, 1988).

At F= Felfel vls opAll g =
Aol AAEA dom AWz F4ut 4714
o g d7AFA= Ao Aot slAteld] fHAM
2] (Platichthys flesus)g o}& Akl A717H(1147H
=E2A7vetE Ao oflaby s AR
=3 84 U1, metHbe] YA ET Al731A)
7} 9t} (Grosell and Jensen, 2000). E5=o] F-2}=
@2 oprsle] 55 Ol ol g7 EAHA
oo} Aol M o}RALY T4t FE AE T
3] eyt (Eddy et al., 1983).

ofdALE oAl AT W 7HAe] EAst
B AREAEC oA FE5Ae] AAdges o
A} - #13-Elc} (Doblander and Lackner, 1996, 1997).
ARAA olaLe] Ah A Eaba A
Agol, raolt 27 ) ZHERAN AL
& s olo) o)) 2o kgl BAUA,
E35) phase I 47} A8 23k} (Arillo er al.,
1984; Kahl et al., 1978). |28t Aa}z&1}= At
HA FHZ9 channel W7o e] Q77T ]3}
W, obdalel x2d A U3 erEeAbEse)
Pge) 288 Foluthe nled wut Ao
(Gonzélez et al., 2000). o]®] channel =] 7]oj|A] o}A
Aol <) HAE AL o] oA
AAdE oJd dge sheAlE obd Leixl Aol
S

2 QA7 olawd QolE gk el o
A 27 & oopAlale] " s= 9l 7 At
4ze] weE 2UToH ofUA kFyed
3 Ao wek olplAl obarel Ak Aol
W37l 2 X8 AHAEsgoh ol HHstd A
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W opgriataas] $4& SPFo2H AY o
Fold B 7% chETiAbma BAH obla
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1. d€HEE

Algdel AR8-3E o) xetalelof (Cyprinus carpio)E
AF 63.0~89.5g0= <l XojRIAA F
Fuko} 2242°CellA] AFS3lonh EES AT
102}2] 4 30 (W) X 80 (L) X 60 (H) cm®] 3] 521
o 100litere] B2 -1 AFR-3lTh AbAE air
pumpE Ahg3te] T3] Fr)ailen A¥7IZ
Fole Ales FTFIA dokeh obdAbe NaNO,
(Sigma)Jef = AFgpo] S33te xFdon
5 NOy 9 =2 233190

2. W ofId o Wio|22 57

HH-& heparine] X2]¥ FAPZ|Z v} Ao A
DA el 2 (F 0.5 ml) 2 FH 3] 3,000x g
2 2087 3°CellM Al Eesled e RelEksl
o "AE opAAbe| & AAlel Fxe FA2
HPLC system (Waters 501 solvent delivery system,
Rheodyne manual injector 50 pl loop, Waters 486
spectrophotometric)& ©]-43}¢] Greiss 8F-22.2 7
=3} ) (Green et al., 1982). &, A 8-
9l o}&ALS sufanilamide$} ¥F-2-A)7]™ diazo
compound7} A E =4 o] E-2-2 N-1-naphthyl
—ethylenediamine —dihydrochloride 2} =}A] HF-E-A]
A deoJA]= 29| azo dyeE spectrophotometer
2 3 540nmellA &AL obdAke] FEe
At = FAL AA Greiss £ 3 wH-23le] &
A= 22 AL3lgom, A|8F5 Cui coating
¥ cadmium columnel] BFA|AA] HAle] 2L o}
Aol eoz BUNR Fol delre e of
A+ AAbe] 2 Fx 2 ARSI AAkol o) g
2l 238 cadmium column®] A|2+& 3]
AFe]l Cd(0.3~0.7nm)S 10%2] HClZ R =F
Sz o) AHse) wamde A AR
& el Fom CuSOs (2%)FA] HeIA
coating 3}93}. Cu coatings}A]-2- Cdo] 2] el 4]

sedos A WAt ANE TEel Fol
et 2ol ZagelZute] Wold bl
A FE2A o] MA3] 2AEE Ag $exez F
sk CuSOsgelol AaAA Holgel et
FaAo) v o)if vpeA o RAH ol=21 Cd
Hukg stainless steel column (Z o] 30 mm, W7 3

mm)sl] Z315}ed A}g815e.

3. Methemoglobin (Hb) %

53

hematocrit (Ht)2)

Heparino] 2]2]¥ &o1& pH 7.39] phosphate
buffere] @1 £8A AT YAR] (3,000x g, 20
£ 3°C)3}ed AFANe] EH =& 560nm, 576 nm 2
630 nmo| Al spectrophotometer (Shimadzu UV -
2501PC)& AMg-3te] A& F Benesch et al.
(1973)He)) wet A=Fslgdch & hemoglobin<}e)
224 98] hemoglobing cyanomethemoglobin .
2 A& ¥ 540 nmel A millimolar extinction
coefficientE 11.00.2 3}e] AAFs}gd o} Hemoglo-
bin2] AF3}A]#£<Q] metHb®] 4252 £ hemoglobin
o d3l v]-&=z =H3}g ot Hix= Hematocrit Cen-
trifuge (Hanil)& A}-&-3}ed microhematocrit®yel] o}
2 24 shes

4. Ethoxyresorufin O-deethylas (EROD),
Glutathione S-transferase (GST) %
UDP-glucuronosyltransferase (UDPGT)
gdo £H

e Balste] shEal (KH,POL/K,HPO, 100
mM, KCl 100 mM, EDTA 1 mM, dithiothreitol 0.1
mM, pH 7.4)e]} ¥ 3 Ulwra Turrax homogenizer (Ika
Labortechnik) 2 #33%} 3}5o. 2 9& 10.000 X
g2 2087 PHH @ ORI ARAE A5 x
2¥AE AR ALealdh of Ase BN
2] —80°Ce| Hskslmla] Al&-sledch. ERODS] &
42 Burke and Mayer2] ¥ (1974) 2.2 2489
= & A7l A AN 0.5migk FEFe] 7)Ao
(# %% % NADPH 0.25 mM, 7-ethoxyrusorfin 3
uM) &£3reB-8 30°Coll 4} 1047} incubationd}sie}.
Z} acetone 2.0 mi-2- ¥F2-Nol] 78] WS-8 FohA]
713 3,000 x goll A 1087 LAl Ee]slgct A=
7-ethoxyresorufin-2 spectrofluorometer (Kontron
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Table 1. Plasma nitrite concentrations in carp exposed to various ambient nitrite concentrations
Exposed NO,~ Plasma NO>~ (mg/l)
concentration
(mg/1) 6hr 12hr 24 hr 48 hr 96 hr
0 0.01£0.02 0.02+0.02 0.01+0.01 0.03%0.02 0.03x£0.02
1 1.62+0.24 2.84+0.30 3.54+0.52 4.95+0.64 6.77£0.77
3 2.58+4.55 521+0.72 6.78+0.73 12.0+£1.50 16.82+2.33
10 12.26£3.10 17.92+£3.21 13.35+3.20 16.3+3.79 19.81+4.21
30 34.82+5.50 41254347 28.70+4.51 24.77+5.79 23.24+6.21
N=7-10 in each group
Instruments)& A}-4-8}e] excitation 537 nm/emission >4 a
=

s83nme] Aol A 248

GST2] 84S Habig er al. (1974)2) wWraol whe}
1-chloro-2, 4—dinitrobenzene& 7|42 A}-4-3}o
2243} o) M2 specrophotometer cuvetteo]
1-chloro-2, 4-dinitrobenzene 1 mM, %13 glu-
tathione 1 mME& £33t 2.8 ml®] 100 mM K-phos-
phate buffer (pH 6.9, 30°C2 Aol =x|FAH
200 ulE 7hs) W& 7R A)3FelT} Spectrophoto-
meter (Shimadzu)ol| A 18-7F 340 nmel|A] 2] &34
27Hee 2o BARE AN,

UDPGT®] &A1& Clarke et al. (1992)¢8] upid]
olsf] At F 2AFAN (0.2%2] Triron X
-100& 7} #Al3}H 200 ulg 0.8 mM2] p-nitro-
phenol @ 5 mM$] uridine—-di-phosphoglucuronic
acid7} %1 100 mM2®] K-phosphate buffer 2.8
mlel] 7}s}ar 30°Cel| A 3087} shaking incubatore]]
2] ¥ke-AlFHT 0.2M2] 3 trichloroacetic acid 0.5
mlE 7}3)] wre-g A7) 0.1 mle] 10N KOH

2 Jhl eole st S B g
FolalE p-nitrophenol®] <F& 405 nmollA A

sted RH3-E-& AAbskadh

o] &40 BAE whilA vkl nie} =¥
3171 ¢& A §eke micro-Lowry method
(Sigma kiyel] mhe} S48t

6. SAIXz|

A3 datag meantSEM oz m¥Hsly AIFPZ
7k 2pol2] $-2)42 one-way ANOVAE A}-g-31o]
B33 post-hoc test2E Dunnett’s t—testZS A}

g3tole 2149 712 p<0.052 3

1. OlAMS &0 g oo #F, XA H
Algse HUY Sk

o}A AL 1~10mg/l2 96A17F (447D &3l &
W fdABe olgelt A 5 AWy AAY
Walke 2AHA AU oA 30mgE xF
AZL A2 oo 1071 F 3eie)rt »F 39
Aol Alstgon] Abdala) e FES AYE
A 53R Fe] Astehs slel BRI
ofAALS- 7}8EA] oke A}S8-m9] oA Al 1l A Alo)
2 5= 7247 0.036 mg/l 2 0.041 mg/19] 59
o}.

2. olF4te| &0 utE HH ofFELto|2
Sk Hg

Table 1o|A] Thekst =9l opAAl x2A] e}
i oo A F9 oAl ¥=F HFT 9]
o AR o= xE2T)0 P R2AI7A =
kZ2F e} Folddd weEl d3sex FvkEe
73sFe] FElsldct. 2oyt =FA|7be] ol & AR
ol et =R oY vE 7] velgtt
%, 13 3mg/e] FE=2 x2A3E 9 I35
olAAEwE A7te] ZawAME A &sle] Z7}s}
T A%E BRI 22 10mgel M 124
7kl ol=il= EQlylx] Z7}E f£FA] wlEa
Aol Bslgdom 30 mg/lell M 124]7F 3o
Faxxel 41.25mg/ldl] =2etgdoirl x4 7H]
Aol met 93)8 Zhadhs Avke] vebdth A
ARor F=g Folvet® 96X Fo =93
4 e FEE 24mg/l o512 £F el
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A%
ol Fo 2FHo2 Goltle obdArFE W
ARATLE & 5 A& Aoleh WA o] Aol

=istel I HARAE<l
449 s=rt $UD APos wHAE A
=315} Fig. 1ol & 96A17F =& 39 ofAALe]
Fxsl opAAWAAE 33 B0 WIS wws}
of melZT gk o AT i uheh 2| |
F 3mg/le] 9o\ = (nitrite+ nitrate)/nitrite 2] B)
7 27t A A e A =olATt 103+ 30 mg/lel
M 3ul o] o]z} vebyict

o, OH"

1204

[ Nitrite
1007  EEEE Nitrite/Nitrate

80-
601
401
0 1 3 10 30

Nitrite exposure (mg/l)

Concentration (mg/l)

Fig. 1. Plasma levels of nitrite and nitrite +nitrate in carp
exposed with nitrite for 96 hr.

4. MetHb, Ht 3 ZIZHHAlE A EAo| w3

o) AWANE ol SHez deid Y
hemoglobin®] AtZ}el] o}& metHbe] A= &
Yo &Afo] oA Fxo) whe) R A Het
Ax7be #dstaat shods =3 delA 71ed
vhsh o] 96412 el =BT ofdAl =)
3 Aol W} W 3 ofAL oA B
£ Aole AE BT E G257 ARl o}
ke Ao WY so| A v}
she de Budes Axstun see o 24

627t oA 22 % 2T HEAAE
4 AL 22319} Table 264 23 metHbe)
FEE n3%E dEdew Zolddch Hiws
t 3 oAl Fxal 30mgl 2EFAMT £
A Sl Ak Jeite Rt oA
¢l phase I &4 (EROD)#} phase 11 &4 (GST,
UDPGT)& 24stelont ojzzat vlmsle] 3
g Alg ol AR R kolr] obAAMY] wZ3}
A3 W3 olgol =

o

S

2 ATeME oligtdoleols AHH e Tk
T w=e opAAlel] A 9642k UZHTL =&
A71a A opAate| 2 o] Wi}, AAte]
L= W3 g dqdEs} o okEdiAE
a2 AL AETozM Aoirt ofdlAle =&
HaE o w3t A A3 5 FHd o}

Table 2. Biochemical parameters in carp exposed to nitrite for 96 hr

Hepatic enzyme activity

Exposed NO,~
concentration MetHb Ht EROD GST UDPGT
(mg/t) (%) (%) (pmol/min/mg (umol/min/mg (pmol/min/mg
protein) protein) protein)
0 5.9+0.70 292+33 42.0+6.0 0.82+0.08 224.6+32.3
1 9.7+ 1.1* 313435 51.0+8.3 0.76+0.10 203.8+18.2
3 26.4+5.0% 257442 37.6+5.5 0.73+0.07 245.6+32.4
10 63.91+9.9* 22.3+5.2 449+6.6 0.80+0.11 221.0+2.5
30 65.6+8.5* 19.243.0* 31754 0.94+0.10 258.3+£21.0

*Significanly different from control (O mg/l) group (p<<0.05).

MetHb: methemoglobin; Ht: hematocrit; EROD: ethoxyresorufin O-deethylas; GST: glutathione S-transferase; UDPGT: UDP-

glucuronosyltransferase.
N=7-10 in each group.
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9 EA) AHI}=rE FHskaal sk
oAl LAH Fad AL x2HE ofA
2] ol el FF] $5HHE oM v =
o2 patterno 2 e d), 53] xE oA
=7 58 W @ wEx o4dnd

20
o
2
iy off

el
do o
ol

& Fshnt oI FHdA e Joirt
FALE Ao gel Al sUE e
Ay 2edozt el Ak £ k2
AN Sgste DiAd e sEel 24

HAAE g+ % 3+

FAeI 2498 AME obdAle] B=st
7Bk A7t wen o] i % ofAARR- oA
HE F54E Aot o] dFeXe o] v=
£ "5 2 30mg/le) £E7A ST, A
S wete AF3] & A $=(>180
mg/l, Okafor and Ogbonna, 2003)% B 31E T 9)o]
A B AAE] AR st B Zuela
Julrl Qe HES FOT B 4 9E Aol
Yloz Fole o}ARE ARTHR ool
hemoglobing metHbZ AFs}A]7l32 AFEE hemo-
globin AtA-$4l53 & A3 (Cameron,
1971). ohdAtel AR 22D ol FolAe) A
olAAle] Frl Ao F=E "R SRl
Szoz ZX o] olo](Jensen et al., 1987), F-A
N 4o] Margiocco et al., 1983) 2 crayfish (Jensen,
1990) SollA #AFAF e} w3t o] & o] FollA 9] 5
St w2Azte] AFRel weh A&dew )
S & B oY SAAGE Dol
S T8 o] @l WY Fold Aye 3
439 bl sk Re oFA wEBEl
2 3mgMel e Ae) Azl weh A4doz
Z7kht e 2EE % (102 30mg/irs o
Y A Fole 9317 st ARE 43
A MR gabolch o Q7AEel A4H<
27l w3 W, 2 SEedE sed @
e patemo] 39 e ojnkw e A7A
go] @A o2 oy} 2 wlad we FE
FAFEEl N ARE F2 AT ALY T
A7} k& Aot

odols FolFet vlmaiA opdAle] gt =3}
A8 ot4 7}sle} (Williams and Eddy, 1988). o] &
o Fo] FAA Aol7t Uehle olft oolF
AN of7fu]e] Lol Z} systemo] Hfo] u

Vol. 18, No. 2

o2 4R obdalel x31 o}
SE Zas o o) ohe
o]l 0}13":}4 HAbo| 2 (lactate’)d] Z7tE B
AE Z o]t} (Jensen et al., 1987; Stormer et al.,
1996). F7HH o2 F58 ofdAke] 3oz YA
9 Aol ex o) Zhao] e ALRS} WkE
=E3=d do)& IvdlA ¥ (Doblander and
Lackner, 1997). o}F&ARS 1 mM (¢F 51 mg/)e] %
=2 9olole] 48A)17F EF x=2A)7)™ hemoglobin
o) Aghe A dehdAn "F BAel
HCO3; 9] Fxf dA|¥e=z of7idl Wi
(Williams er al., 1997). &= A Apa}zss if"——’}‘— =Rl
= WA dAHeEs AsEAT B 237
ez M =R fad ALTISEE 24
T e f:f}_iai P“* o A% A2z

BErEE FUIAT GLAT © BTN B
2% 3E w2A9 ASUNH AT,
8t# Doblander and Lackner (1997)% o}l Ale]] x
3R ) gol Bel oHUA 9 AN %
EE 22 F MdeME FHIARE 28R
ArEos AEHE ¥ 7‘—‘—_}3}33‘:11 obdAl F =2
3] Bl 4ulsled metHbe] Frw 32FH oz iy
A7) golrt AeHe wB Foli obLarel A
S v URT 4 UeE ¢ 4 AUk 2
oM A e swel o 2B F U
= zgzl-p]-] 1-:5_,] zéz];ﬂ 71}5\_\— olol7} AFS-4=
wo obAl xol Aohe 5UE Asa
& AN R A ek ARbE A S
73-%-(Doblander and Lackner, 1997) B} Ab3]
we A ok 47} 9l

EF o] A ARE By 1F=, A7)
o) oAl =24 w37I2bel AR web B4
A% Augel FE ofdAEe fos §
AR B2 AR 5S4 Qo] #
I oMb AAgoz Addshe s Ft
e Aol FEAH o7 sht HAad shte] 71
oz g7ge 2o 27b9 Wabol o) B
oz HAHY FaE
ANzl F574s 2 o8 JjAds B3
Ales wieh o AT ool wexel oA
o Mgahe slHel s Toialsll AT ES
A A gkt B3] AAlg o g o] Ao ‘ﬂ“’—ﬁl

e r
r

rr

2 1o do 1o &Y R o -|n
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71 ] FAF=TP L8 FAR weE Ao
o}
Hgrofol] A5 opdAbE R 7AM Eof A
NO;-2 A 3+E o} (Doblander and Lackner, 1996;
Jensen 1996; Stormer et al., 1996). ZFRFM| EU] ol A
A ZF2] &4, = cytochrome P-450 (Arillo et al.
1984), catalase (Takano et al., 1988) W cytochrome
oxidase (Arillo et al., 1992)7} o}AAke] Alslol]
g}, B3] cytochrome-P4503} o}xxle] A3d
(Arillo et al. 1984) & xpdlv|7]o)| Al R.31(Gonzdlez
eral., 2000) opAAbel] 2|8k ZhAFFE AL T A0
Z7FEARE olAAke] AAE H§ AsshA ubg-
o) olzzrdele] AR gLl e
oF-& A7IsH "t F, obdAte] 2% channel
W71 7P FEYAlEL A4S S
phase I &4-2] 3h}el 7-ethoxycoumarin O—deethy-
lase (ECOD)®2] #AJel|& W37} ¢lx]9t phase II &
442l 92 glucuronosyltransferase 2] 4] o] &
oA} YAl Zr7t=Ecty M aiFEe] 9)th(Gonzilez et
al., 2000). 121} o] Gonzdlez et al.2] HFolA
sulfatase®] Aol Wbyl vehdr] 42 AL
¥ phase [ AAl2tT A =% A3t A
< obd X sl B AFelAME oAb =EF
1o FEYAlEAL A Wil JepteA|
17] ¢8| A phase I 44 2A] EROD, phase Il &
AA 24 GST Y UDPGTE &R 3}glor} ofF
WEg HAA & s o) <Jele} channel
W7]7F o}&Alell &} U A FEUAL &
A S E BE3AE ¢4eE AAbE
EE FEUALELRAY] AL FHA AMSEHE
7126l vt dEbA $7) 9l E AY 3 Gonzdlez
et al. (2000)0ll A AR4&-¥  glucuronosyltransferase2]
8717 (accopton & FUSA 82 ek o}
AR AEd 359 2h RFoA W3l L
A A & A& Esl oJofoll= channel 7]
ol Ao} FAMEE BAEAL-2 ol Aoz FAHA
o} g FA]ge]] EeEl" zZPd microsomes
phase I SFEALE A FAJo] ofalAbel29] &35}
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