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Hemochemical Changes in Israel carp, Cyprinus carpio exposed to cyanide

Ju-Chan KANG, Jung-Hoon JEE
Department of Aquatic Life Medicine, Pukyong National University, Pusan 608-737, Korea

The study was carried out to determine the toxicity of cyanide on the hemochemical changes of Israel carp, Cyprinus carpio reared
under a continuous-flow system for 5 weeks. The carps exposed to cyanide concentration over 151 ug/¢ started to decrease
significantly in red blood cell count, hemoglobin concentration and hematocrit value at week 4. However, a significant elevation of
MCH and MCV was noticed a week later, at week 5 at cyanide concentration 289 ug/¢. The low concentration of serum calcium
was observed at the last week of the experiment in cyanide concentration 151 ug/¢, while serum magnesium concentration initiated
to increase from the 4th week at the cyanide concentration 289 ug/¢. Serum total protein, albumin and glucose concentrations
decreased significantly after 4th week at the concentration over 151 pg/£. A significant increment of GOT, GPT and LDH activities
in the carp serum was noticed after 3rd week at cyanide concentrations over 151 ug/? without typical changes of Al-P and amylase.
These results indicate that carps can be affected by cyanide in terms of red blood cell count, hemoglobin concentration and hematocrit
value in blood, calcium and magnesium concentration, GOT, GPT and LDH activities in serum when they were exposed to the
cyanide concentrations 151 ug/¢ or higher.
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A E Al¢t (cyanide) & BEA W, drHoz F34, 7g Aiw7]
E AY3E 2 =5FF 54 W& Fo TR Zoy 3
Zolvt 3 5o FUHE LHERLE 4o AYdte 4 Aoz #olsEE Aoy} 2wl 21, tRRe AAFAHNA A
AE B ANIGTL nAA Heu, 29599 ZE 459 B AE 2 AUBUEFY FHE F45% R TFTH 54
B AHATE T R A Brhsdth berA, J2 go] AHEHY, $2 vty ARy oA 60~130 pg/ls] A E
de LEE2dd g ABYE Y8 2 AR ARE wyl #2H7% 39D (Choi et al, 1988). o1 Fol thg AQrE
NEstEe AE7t FEFHOZ o]FoA1 gl+=dl (Grzebyk and Ad geixe DHo B 1 (Alabaster et al, 1983; Thomas, 1985;
Galgani, 1991; McCain et al, 1996), °21€ o o9 AT garkar, 1990; Pable et al, 1997)7F Ao}, o] 5 A7 A 79| gy
TAL dutEo R FAS Fol EAIE stressE FEIE 29 2o FHEA BE JAFAS FHE A2S2A 7] 229
A9 o MF}7] QEd LEFES BT 4 T 0E ojF ANYY 2 FgEEL AAHoZ 2AE ABRE
02 E8H3 Yot (Chandraseker and Jayabalan, 1993). &, 23] mju)g AAo|t},
LEEAY Qg Ry HETF, YLs 4 FUHETEH ol4e TAHAA B dFe £8 G4 o2HdYolE
%9 94339 A3t (Goel and Gupta, 1985; Khattak and Ha- gt o 2 Aot Zd) 98) 159 PA44 2 33t WS 1)
feez, 1996), AW FIIE & {714% 9 W8 (Leatherland & A=A tisty AESYT,
and Sonstegard, 1981; Yamazaki et al, 1986; Ito and Murata,
1990; Ma et al, 1995) To] &&5x gk £ Uk gA A
oA de o] gs€ A Ho]EA<] GOT (glutamic oxalate
transaminase) ¥ GPT (glutamic pyruvate transaminase) = £ 8
FE9 #Ho del 4532 Qo ol E Hhe AFHY 2% 1. HEo
X Axe AXE 2 vEZS ol A S AT A2} B Ao A&# o)At dY o], Cyprinus carpios 3'g &
E4HAE de Yoz maus} AU Ao Frlnz A FAAoA Hopitel APz WEtd cHABA L2 (&
FH 990 9o} He AT dAZe AT oj&HI %, 400 O) o A 10 o1F £HAL AAE AL €371
ek, 1283 ACh-E (Acetylcholinesterase) & A&z 714 §U9 £&, pH ¥ £8%2& 44 2011C, 67~69,
2% 27 Ag 39 acetylcholined 7FFEaAE HL2A  65~68 mg/lol T, Hole AHE JAAEE FF}AT. 4
F710AF S 2 carbamated] 934 2 BAo] A I w & Yol AHE§ oj2gtd Yol B 2 Y FA7 vetA &
FALEY ARZA AML-EH 3 9lt} (Weiss and Gakatatter, 1964; € A% 353+383g AF 110712 048cm o AAH AAE

Holland et al, 1967). A}t
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2. NENH

Ade Aoty 2 HEA SAHEAY HAAFEE 4873
¢ AFSA FAAINI A} FFAAAE ARG, ZE
AEE £ 20218 FAY F e F240M AN A

AH LA A8 A F (Potassium cyanide) S 23 FH5d] &
HAA stock§A S HER FAFIEFE HlElo EFEHE
ZA gt AMS3A T Aty FEAAL dud Y-S uEog of
AAFFESQ 300 pg/ls X FFEx9 50, 25% <0 150, 75
pg/t9 37 FxE AAIgHG. AFNT FUY AgER
(Pyridine-pyrazolone®) 2 43’3} (APHA, 1985)= Table 15}
Zon sigt Agdy 2 #3& AR (Jee and Kang, 1999)9]
4 A ES Sl

3. o HA

579 A7 ¢ BdAAe A =23 RE JYF
E7A 2R 8 AET7E Fol wF AUt BHL ethyl
aminobenzoate (Sigma, USA)E v} A7) ¥ 134 FAINE A}
43t 28R (caudal vein or artery) A A AL
YA e 2712 U¥o) & 7l heparin-Na (25,000 U, A2
$ A7tet] IS S HR, dE @ e YR
< 23] A3t AT FU Aol A ¥ 4T A 247
¢ BAT T 6000rpmol A SEF AL} HE v
Ak dAAd4 2 843 S L A F Iukz AAEAY
WALHE FAAA 3417 oo 2R3

YT (RBC)SE hendrick’s diluting solution®. & BHE |
20022 A% T hemo-cytometer (Improved Neubauer, Ger-
many) & o] &8 B8 dnAstolA At A (Hb)
e AuEHR Jde 94E kit (Asan Pharm. Co., Ltd)E A
€3t cyan-methemoglobin'¥l, A 8743 (Ht) #< microhe-
matocrit centrifuge (Model 01501, Hawksley and Sons Ltd., Eng-
land) ol A 12,000pm2 2 5% AAANNA BEHo2 233
Aot BEHEFEALF (MCH), BT EE 743 (MCV) 2 ¥
FHE7EN25E (MCHO € 244 RBCH, HbE® 2 High e
o] 8-3to] A 4tstedct,

83 F718%9 WEL ¥ (Calcium), “t2Us (Magne-
sium) ¥ F719 (Inorganic phosphorus)oll thate 2R3 gt

4L calcium2 o-cresolphthalein-complexon], magnesium-
xylidyl blue'dl, inorganic phosphorus® phosphomolybdenate’ ol
98te] 444 kit (Asan Pharm. Co., Ltd)E A48t ZA5 Y
=3

g4 F7149% H%2 3 @94 (Total protein), Z57 (Albu-
min), ¥F (Glucose)dl W3t ZFqHth. &, total proteine
biuret'd, albumin& BCGY, glucoseE GOD/PODH o2 A% 5
2 Qe dAE kit (Asan Pharm. Co., Ltd)S AH&3ld 243
Ak,

3 54849 ¥WEE GOT (Glutamic oxalate transami-
nase), GPT (Glutamic pyruvate transaminase), LDH (Lactate
dehydrogenase), Ch-E (Choline esterase), Al-P (Alkaline phos-
phatase) 2 amylased] W3t ZA3Ah. GOTY GOTE reit-
man-frankeld, LDHE 247134, Ch-E¥ A44, Al-PE kind-
king$l, amylase caraway'i.o2 U3€ kit (Tatron Pharm.
Co. Ltd,, Japan) & 233 ¢}

4, ®oid ¥

A¥dde A4 Hele SPSS FA TZ1Y (SPSS Inc) &
o]g3te] ANOVAE HAIR F AIF d3HEe & foi 2
Aoz Hate §94 (P<005)S AFFHT.

! ot

At ol o o]xgtdYdole] RBC, Hb ¥ Hto WE &
Fig. 19 Yetl At} RBCFE AIEE 151 yg/éol el A 2F &
7Y gz3d v Fo3 2428 Jehhded (P<0.05), 43
2329 151, 289 pg/l Aot ZHet 153 2 132%7F A
Atk HhsEE ALFE 151 pg/lol oA 35 F5H f938
ZAaE YRR (P<0.05), 57 £ 151, 289 pg/l AbEEol
M 7+ 151, 229% 7 ZASFH Y Highe 48705 BE A
AFzoAA taY WES B0} dxTEY ¥ gE £4
AL, ARMERE 151 yg/lol oA 4F FHH §98 #AE Y
Bl en (P<0.05), 55 F 151, 289 pg/9] AlebsmolA 2zt
157, 175% 7} a8 gk

Table 1. Variation of water quality and cyanide concentration during experimental period.

Fixed cyanide concentration (ug/é)*

Item
0 75 150 300
Temperature (C) 20+ 025 20 £ 0.23 20022 20 £ 0.21
pH 683 +0.14 687 +0.17 6.85 + 0.15 682 +0.16
DO (mg/8) 6811024 6.80 +0.27 679030 6.81 + 026
NH.*-N (ug-at N/£) 0.043 £ 0.02 0.045 £ 0.01 0.042 £ 0.01 0.041 £ 0.02
NO,™-N (pg-at N/€) 0.035 £ 0.01 0.033 + 0.02 0031 £ 0.02 0.034 * 0.01
NO;™-N (pg-at N/€) 0922 £ 0.15 1.02 £ 0.17 0.981 £ 0.21 1014 £ 024
PO.-N (pg-at N/£) 0.063 + 0.01 0.065 + 0.01 0.062 + 0.02 0.068 + 0.01
Hardness (mg/¢, as CaCO;) 275+ 0.10 284 +0.11 280 +0.15 277012
Cyanide (ug CN™/£) 0 73112 151 + 1.58 289 + 2,85

*Data are presented as mean * SD
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Fig. 1. Changes of RBC (red blood cell) count, Hb (hemoglo-

bin) concentration and Ht (hematocrit) value in Israel

carp exposed to various cyanide concentrations for 5

weeks. Vertical bars indicate standard deviations. *Sig-

nificant difference between control and cyanide expo-
sure group (P<0.05)
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MCH, MCV ¥ MCHCH ¥ %<& Fig. 29 Yt MCH
© AIEE 289 ug/lo A 55 Fol gz T7o) vl 157%9)
93 3718 eI G (P<0.05). MCVE A1¢H5E 289 ug/éel
A 4F IREH £ 578 YR (P<00S), 55 F d=
Fof "8 137%7 718 MCHCE EE Az
AAVNTEYL G4 AFL AN HAZ h2T S FAE
A% Jeo] fog wFe BEHA §gich

3 27489 W% Calcium, Magnesium 2 Inorganic
phosphated] W34 Fig. 39 Yetd it ¥F calcium¥EE
AlebE = 151, 289 ug/ol A 53 X A 274 wisl 47 132, 122
%9 fo8 Zd&7t AFHAG (P<0.05). 84 magnesiumF =
© ASHEE 289 pg/lol A 4F FRE qzT HF fdE F
7+ JEIRA R (P<0.05), 55 ¥ 2T vl#l 31.6% 7 371
&4t 84 inorganic phosphate¥ B RE A|¢ETdA A
71 ¢ G429 HFL Aoy foF HEL #FHA
13 7e5

A {71489 W% L Total protein, Albumin 2 Glucose®)
g3te Fig. 400 VeEL I 83 total proteinFEE AYEE
151 pg/lol X 4% FH¥, 289 g/l AT 27 4 gz
Tol uid f A% a7t ARHAD (P<0.05). R albumin®
B ARPEE 151 pg/lol A 35 FHH, 289 ug/l BT oA e 2F

By gzl v Fo3 22 E veldd (P<0.05).
glucoseF =E MUAFE 151 pg/l o134 35 FRE gz
vl §ojd A AAFHAN (P<0.05), 557 F 289 ug/Le] Al
dEEAM dzFol wls 1.798 7} it

84y 54849 ¥WEFL GOT, GPT, LDH, Ch-E, Al-P ¥
Amylased H3td Fig. 5, 6o UetlAdd. 84 GOT 2 GPT
AL AAEE 151 pg/lA A 3F FRE, 289 pg/lol M€ 2F
F2H 27 vE {98 F718 dE Az (P<0.05), 55
F 289 pg/0 At oA dzFo Hs 4z 428, 37.9% 7
Z7t At ¥ LDHBA R MUFE 151 yg/loldolA 3F
FRE 2T v 498 371 JeE AT (P<0.05). B
Ch-EE42 NAFE 151 yg/lel 3t A K28 HEo ghe
Y, 289 ug/tol e 47 FRE {4 $718 vehl A (p<o.
05). 84 AI-P ¥ amylase@4 & B2E AdsEoA 4372
F T WEL Ao gzFo v Fo93 HEe &
ZFH A g

2k

a

SHEAY =& d ojfe YNAHLZ RBC, Hb, Ht, MCH %
MCV 59 gd94349 #ES Jehdth £ malathion® forma-
lindl 242t =%A1Z) Cyprinion watsoni$ Oreochromis niloticus
¢ RBCF& #4392 (Edosa et al, 1994; Khattak and Hafeez,
1996), malathion¥ endosulfan® 1 F 9] HbEEE ZA A
(Mukhopadhyay and Dehadrai, 1980; Chandrasekar and
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Changes of MCH (mean corpuscular hemoglobin), MCV
(mean corpuscular volume) and MCHC (mean corpuscu-
lar hemoglobin concentration) in Israel carp exposed to
various cyanide concentrations for 5 weeks. Vertical bars
indicate standard desiations. *Significant difference bet-
ween control and cyanide exposure group (P<0.05)
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Changes of calcium, magnesium and inorganic phos-
phate concentrations in Israel carp exposed to va-
rious cyanide concentrations for 5 weeks. Vertical
bars indicate standard deviations. *Significant diffe-
rence between control and cyanide exposure group
(P<0.05)
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rations in Israel carp exposed to various cyanide con-
centrations for 5 weeks., Vertical bars indicate standard
deviations. *Significant difference between control and
cyanide exposure group (P<0.05)
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Fig. 5. Changes of GOT (glutamic oxalate transaminase), GPT
(glutamic pyruvate transaminaseT) and LDH (lactate de-
hydrogenase) activity in Israel carp exposed to various cy-
anide concentrations for 5 weeks. Vertical bars indicate
standard deviations. *Significant difference between cont-
rol and cyanide exposure group (P<0.05)
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Changes of Ch-E (cholinesterase), Al-P (alkaline
phosphatase) and amylase activity in Israel carp ex-
posed to various cyanide concentrations for 5 weeks.
Vertical bars indicate standard deviations. *Signifi-
cant difference between control and cyanide expo-
sure group (P<0.05)

Jayabalan, 1993), 454 % $354o) =% ¥ Cyprinion watsoni
o] Higkol 2489 (Goel et al, 1985; Khattak and Hafeez,
1996). E3, 2, 3', 4- triaminoazobenzened| =& ¥ Channa pun-
ctatus® MCHCE #4824 (Goel and Garg. 1980), Hetero-
pneustes fossilis®l 1l L MCVE F7HA17132 (Goel and
Gupta, 1985), thalliume MCHC 2 MCHZ 7M7Y (Garg
et al, 1991).

Algtel =28 oj2#dYold RBCFE 151 ug/Lolde] =
ol A 25 FHE HbEEE 151 pg/lolde] FEoM 35 FHE,
HtZ#E 2 151 pg/lol 3] =M 45 FEE {948 Z45 Ug
Wl

S A& =& d olF9 RBCF ¥ Hbs:y Zide 4uty
oz NgS dolde Bavt Yo (Garg et al, 1991; Edosa et
al, 1994). & A2 Oreochromis niloticuse Formalin® x%9
o3 RBCHY 4z Wl f@sin, 1 9L 2982
o op7bu] FHMEY FEZAHI]F o] Fo AT Y A
EAAEL NFstn Ut} (Edosa et al, 1994). =3 Higt2 o,
Ad, 9% 2 & %o ofet dFdHAL, EAHo2E LYE
Ao utelo] A7) wgel o)A Wskgtth (Goel and Gupta,
1985; Chandrasekar and Jayabalanet, 1993; Khattak et al, 1996).
uetA, AlQtell &9 o]t d JolE AIUFE 151 pg/lo]d A
Had 353 FREE W¥ol YgY HoH, oje T 45 F9
Hi# Y A4S 239 e ALz #5499 39, AdsE 151
pg/lol gl A o) 2etdolole] RBCHE 2F F4E, HhEEE 3
F 3RH, Higd 457 F3E fd¢ 248 Ugle RLe=
Hol 151 pug/lol 39} NotEEE Holk 25 FREHE AL E
ASAA 48 FAE orAA Aoz AZEn. 221, 289
ug/e9) AlgkezolA olxgtd Yol MCHE 55 FHH, MCV
T 4% 33H 371891, MCHCE RE A¢sEdA 9%
HEL gl 202 Yo} tfE 2 gEA olAVIAZ 289 pg/l2)
NERdME FR 55 Fo gFANY (KBRKEE M) o) 24
3RS Aoz Azdn (B, 1983).

ojxgtdgols FIIHE Fol EF calciumFTET AUTE
151 ug/lol oA 55 Fo fof ZAE YA, magne-
siumFEE 289 pg/le] AIRMEEOA 4F FRE $9% F7E
UEN 29, inorganic phosphorusd &9 HE2 F&HA ¥
4 24Edd 2EE oJFe dvtdez 84 calciumFEZH A
a3t1, 53] JojF ojFoA AF BAFHE o=, Yd&
AR =AF (REE) AAAZLY AF4s75Y Fd, olrtv
Aoz stEHg ds 2 FREFFIFY Bl Jded
(Jiro and Yasuo, 1977; Roch and Maly, 1979). me}tr, oj2gld
Jdofd dAME Aty A g3 4719 FA2 As At
T 151 pg/lol oA 8F calcium¥E =7 A8 AE 740l U
on} ARbEE 289 pg/ol M9 A magnesiumFE F7te o
2 292349 @ NAE 23 FolA magnesiumo] 2] §H2
2 #8¥ 288 A58 (Ma et al, 1995).

ojzgtd ol HA F7|HE Fol total proteine AUFT
151 ug/ll e 4% FHE, 289 pg/lol X 2F FHE, albumin
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FET AYFE 151 g/l e 35 FRE, 289 g/l N E 2F
F5E 44§98 ZF2E Jehidid,

o159 ¥A protein L albuminFEHE HAZ ALY A
H2 AH4H3 93 (Tto and Murata, 1990; Hodson et al,, 1992),
drHoZ QHEAd A A, 2 4AFY Jue FH
o z4gAdstz 389 F43HE £ & Aok (Yamawaki et
al, 1986; Khattak et al., 1996; Shen et al, 1997). WetA, Al¢te
£ g ojAgtdYolY ¥H total protein ¥ albuminF T
Zhe NGEAd g% FHy F4YHE A48 5 9%, 2
FAEES FAE AUFT 151 pg/lol M 457 FHEH 289 g/
Lz A e 257 F2E Yeg Aoz AZEY, €4 glucosed
T 151 pg/loldel A 4% FRE §43 #A7 #2HAG, A
S 151 pg/eo) ol A total protein 2 albuminF = A3
T FAd /2] ol A #Y F4AAA wa glucoseFT T
7F ZAEYE Ao A4E

olzgtd ol Y GOTS GPTY E4& AdFL: 151, 289
pg/lol M 24zt 2% 4 3F FHE §93% F7HE gl 84
HolaAgl GOTS GPTY 842 429y 949 dHe =3
&£48 JAFE AFEYY A o453 glon (Sakamoto
and Yone, 1978; Shich, 1978; Smith and Ramos, 1980), ¥%3¥
o2 0FgEA o3} Waet} (Casillas and Ames, 1985, Rao
et al, 1990). LEEZ thF YolFel Y| o1& AhE AR
ZAd & 84¢ AL glon, 133 g3 G5 4=
GEE) &t (B, 1971). wehA, ARbS X 151 pg/lo) 3ol =58
ojxgdo)ols HxFd FI & Lol Fo dEF FH, Fof
T35 FEEH 840 45T Aoz Agdn.

oj2ztdc]ole) ¥4 LDH E4L AMER 151 ug/lol gl A
3F FRE F9% 45E BA FAME 3lo] abietane
monocarboxylic acids, #7117 4% methidation, pyrethroid
deltamethrin ¥ A %A paraqua® ¥4 LDH ¥4 & $7H71H
(Balint et al, 1995; Zheng and Nicholson. 1996), 2 ¥9& 2
BEZY xF9 g A3 g & 24 A LDH7 €5l
249 23, ¥4 LDH 84& F7tgda 94t (Casillas and
Ames. 1986). @etA, oj2gdjole] 83 LDH €49 $7te
ARbEA ol 9% rzAY A= A} F LDH §%
FdAetn 38 4+ Yo, HoJr AdFR 151 pg/lo] 4 A 3
F FRE 84¢] 571 @ Roez 479

ojzztdjole A Ch-E 84L& AIUFE 151 yg/loldtel A
T F9% wEol geu 289 uylal e 4F FEE {93
2712 Jehfo] b8 L9484 dF Axe Avtd 232
el &, acetylcholinesterase (Ach-E)& A% dg 2339
31l acetylchoine® #3dhe 842 29849 zd 93
gutH oz I FAjo] JA Eh (Weiss and Gakstatter, 1964; Ho-
lland et al, 1967; Amold et al, 1995). mWatA, o)Az 9)o]d]
3lo] Aot ERHoZ AW Ch-EE F7HAA, ©E 2484
o FEYE S5 83 42849 wasl gAY

o2z gole] ¥H Al-P 2L amylase FAHL BE A¢ k&
Foll A oFzte) WFS ANeY, dzTo HF Fo3 st &
Z= A gt o] 2 ARe oFd uld 7EY 2423

d¥gie e 2545 Yz vk F cadmium ¥ phenole
oJfFY ol FAA9 BAHE MEFAIIY (Koyama and Itazawa,
1977; Dalela et al, 1980), SnCL¥ o198 Foz AT o Fu
9] amylased) E4E Z71A)71 1 (Buzinova,1977), Yoi9] Fui el
g o}l astELY FFE YA amylase@d ol St
2 &5 ot (Malyzheva and Vasilevskij, 1991). 234}, cadmium®l
&N 4049 T, A% 2 FAY amylase RN F9#
HE2 gdde Bax itk Uiro et al, 1985). wehA], ojxg
dodoiof gloje Algt AA & E A8 =847 AP ¥ am-
ylase®] Ao J&& oA ¥t H4E & A

o] o] s} =olE FH3Y, AQte] =& H o]AgdYole
gdulol RBCH, Hbe: ¥ Hiad, WY calcium, magne-
sium, total protein, albumin ¥ glucose T, AW GOT,
GPT, LDH Ch-E&4¢ HEo] &) T3, g4y 2
3gta WEL A2 ALET 151 pg/l o) 3olA 45 FHE Y
Bz o] Zolu 34 Sl 151 ugl o149 NERY) FE
ol A&F A4 olxdYdoe B AP AFHE FLEAZ
RAog 4744,

e o

& F2oR o)xgd)o)E oz fF4 Wil o3
AdEA tite 57 ¢ 28 IHY € #94 dFE
ZAH8E A

A=z of§ ojxgtdYole] RBCH, HbE: ¥ Hi#t2
ALGFZ 151 g/l o] 3ol A 4F F5E Fo8 ZAE JeplA
% MCH 2 MCVE A 289 ug/bel A 5% F2E 93
3718 Yehlgloy, MCHCY WEL #asEA] g

g3 F7)14¥Q calciumFEE 5F Foll AdEx 151 ug/l ol
A FosA Z2FYT, magnesiumBFTEE AUFE 289 g
/AN A 4F FREH 98 5718 Jehll2H, inorganic phos-
phate¥ =& EE ARMEZolA £ WEo] #FHA gt
Y3 #7148 total protein, albumin Z glucoseT =& Al4E
T 151 pg/lol 3ol 43 FHE Fo8 Zart ABHUT

¥4 GOT, GPT ¥ LDHE4A S A¢5E 151 ug/loldelA 3
T Z2E {9 $718 Ui, 84 Ch-EE4 2 289 ug/t
dME 45 FHE Fo4F F7HE vehidou; AP 2 amy-
lase2/4 9 SAAHQ TS BEHA FUoh

AEHOR 151 pg/le)d e e e ol2edddoly 4
9] RBC#, Hbs% % Higk, 84 calcium, magnesium, total
protein, albumin ¥ glucose® =, W2 GOT, GPT ¥ LDH
Bd%d 4%% 1A YU

-

HO
1ok
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