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77} e}, Amantadine cytotoxic dose %7} & 718l whgl MDCK Al Wle] GST ¥ LDH &4
e 22 ua FoeiA FaHEUT, FEuA) W) LDH 84 & tlx= 2o #93 F71E B
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Glutathione S-transferase (GST)x= S4] &2 9] 3
ERg o] Feddte B2 F2 5E27
AE Wl R0 sof o, AU B
A o] 2 free radical?l I AAA B3 (electrophi-
lic compounds)*®-& glutathione®} 3 A|7] o 2 A
FE Al V22 i Aok £F GSTe
ot BEXsA Ao 2 RE YA H A FHatst
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Hol JAEFQAA vpojejxe] £ AEdd F=2
)4 H1 Ye AEFAR 25 AR Mad-
din-Darby canine kidney (MDCK) A £ & T4t o2
Sto] JAEFAAL vhol 22 type A 4G Al & &
Hlo] g A& 2 o] €5 1 )& amantadine Fo A
A A W &l =A (detoxification pathways) 42
T GSTE] 84 Hsa Mxdd LS gy st
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1. Mz 3 dlo|aF

1) SFME

Maddin-Darby canine kidney (MDCK) At} A} &
72 2Yudgoany Bobtol 450 A}
23l o). A L)) 9F) 2 Eagles minimum essential
medium (EMEM, Sigma) 90 mle] 10% fetal bovine
serum (FBS, Sigma) 0.22% sodium bicarbonate
(Sigma), penicillin (10,000 unit/ml)/streptomycin
(10 mg/ml) 1 ml Z 0.1 ml, nystatine (2,500 unit/ml)
1 ml % 0.0025 mlE A}-£-3}4 o}

2) diolg{A =

Al & o] o] 8- ulo] 8] A& U] center for dise-
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ase (CDC)Z K-8 £ -2 A/Taiwan/1/86 (HiN1)
FE TPEADANA BFTol AR

3) ol A S

Hlo] 8 2~ & & specific pathogen free (SPF) 4%
7 & (embryonated hen's egg)S 1087k 37C &
71l A B38tA170 & A%} (chorioallantoic sac)ol]
Hho] 2 28 02 ml HF F 37CoNA 343t T4
Al F 4T A 18~24A1 7 B#F F nlojgx
7 E0isle AL AL Aoz 343
o 47T, 8,000 X gol| 4] 1083} 38 ZA A4 £
Z AZol& 045 um filter2 o B3l A} L3
0. A £ F & EMEM 95 mlo] MEM vitamin
5 ml, glucose sol. (45%, Sigma) 0.2 ml, 0.22% sodi-
um bicarbonate, penicillin (10,000 unit/ml)/streptomy-
cin (10 mg/ml) 1 m! 2 0.1 ml, nystatine (2,500 unit/
mi) 1 ml Z 0.0025 ml, trypsin (crystalized) 2.0 ug2
Are3i .

2. vjoje{A2| 7t £

SPF = Al &e} oA F24 ule]#] 29
9 7} & hemagglutination assay (HA)E 4 A 8}
1:480) 2171 ol ¥ Ao AL&HAT

HA®2] 2% ®hH 2 microtitration plateo]] H}o} &
2 AEE 2 A5 HA skl 50w TG F
PBSE 4 & 0.5% chicken RBC &2 50 ut 7}5}
of wpolzl 29 £31o] YOIES Bt Ao
A 60F T wSAIZ 3 A E2T v ms)

o $39718 2T

. 50% Tissue culture infective dose (TCIDsp)

AEFAA 2] o] vlolglx AEY (detec-
tability)& ZobR7] $13te A A ELQ! MDCK
ol A 2] TCIDse & &A 3t v}

SPF &3 Al&e] Fhrdlore] 48 HF 5=
1 HA unit/0.1 ml7} S| =2 343 & o] & t}A
108 €4 54 8tad 96 well plate) 4] monolayer
A gk MDCK A 2o FFdte] dojvhe A48
Reed®} Muenche] Wi e wa} 27 st ).

4. Amantadine2| MZ =54

Well & 2.0x10*71¢] MDCK M X7} 4711 96
well plateE 3¢ 2t Wl ek & amantadine - HCI (Si-
gma)2 HE2H HAE22T ml F 1.0 mgo 2 24)
A& 54 38te] 96 well plateo]] 2H2+ H 73 &



37T, 5% CO; B4 Qv ol Bl oA 5243k u st
I Mosmann®] WMo} Fa) 2| ¥ MTT assay
o 2@ cell proliferation kitE A}-&35}a] cytotoxic
dose (CD)E 273" ¢ ).

5. Mzl XE|et el =X

3¢ v ekE MDCK Al o) A58 gyt X
2] gk | £, amantadine 7}, vlole 2 T,
vpol 22 2+l ¥ amantadine 72 522 £
314 ). Amantadine 3 712 cell CD 25, 50, 75%
g AR% ATAZALE 4 F HIAA S
A3t wj kst AHEEtg o, Hlol g T
0.1, 1, 10 TCID5oZ AR 8t} HF Ao 283}
1,2,3 € 54 2td o2 Pt vpoja] = 74
& 3 amantadine A7} vle]# A 100 TCIDsy
£ % amantadine =¥ 2 28l sl 347 7
GNBT 2t T BA ARE GEAT 28
HES 23S AR o GSAE 282 cel
scrapersE AH-&3ted FHE A EE 025 M sucrose
£ (2 mg/flask)O. 2 F-F-A]A freezing & thawing
SEPELEELES SETL MY

1) Glutathione S-transferase (GST) g Ad e =X

GSTY] A= £3 & 1-chloro-2,4-dinitrobenzene
3} glutathione g 71 A & 3t 25Co A 1023 uh
SA 7= E<¢ MAE 2,4-dinitrobenzene-glutathi-
one conjugate -2 340 nmol| A &7 3= Habig 5
o] gV FATh THE S E E4 DS
Fol Fid 98 1 mgo] 1§ F< ¥t A
A A7) conjugate®] F-E nmoleE FE A3 T

2) Lactate dehydrogenase (LDH) &M T =3

LDHS AT &AL 7]AQl lactateE G4
AN A pyruvateE B3 oW A4 NAD7}
NADHEZ 3+9) 5] 11 1-methoxy-5-methyl phenazi-
nium methylsulfate 22} 3}o] 37 10£-3F ¥-3 A
nitrotetrazolium blueE 3+ A]# deformazan®] A8

£ u] 4% %3l Babsond} Phillips ¥gYe) F3
A Z ¥ kit (LDH-Lq, oA ehE ALE3t ). &
A= @Y= Wroblewski 902 F A 514t}
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7. chus
W)l AL Lowry 59 #46] 2310 bo-
vine serum albuming ¥ FEZ 0 & sl &3 31Q ).
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Wit 3 F NEGSE o|F ST type
A ulo]E AE 0.1, 1, 10 TCIDsy F 28 2 7HE A
7 3Lz it a vl el FdE A ES W
32 =HdEr|F o g gEs.
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1. TCIDsg &3

=]
K

1 HA unit®] A/Taiwan/1/86 (HiN:) vlo] 2} =&
el ol &= Wyl meh MDCK A Eol| 3 FA

71 A7} 1.78+0.5 x 10°/ml TCIDs, (n=5) 3t-& YA

L
Lo

2. Amantadine?| MZEN =&

3}8t 9 W A Q) amantadine - HCI&
MDCK Al Ed| 7} 34 T A x
A3 gk Table 13 2t}

A A Fof th 3t amantadine?] 25% M| L= L
145 pg/ml, 50% A X592 212 pg/ml, 75% A E
42 321 pg/ml eV

3. MDCK M|z of ZtA|Z]

Ao EADNY B

%% ol

=
54 ¥E

2l

Z 70X} Blo|2y

EA=

Aszofold B8 QEFAA volel 28 01,
1, 10 TCIDsy =¥ & MDCK A 9] ZG A A 3
Q2 W FRN ERAAT LD ZAHH S B

Table 1. Cytotoxic effects of amantadine - HCl in MDCK cells

Group

CD 25%"

CD 50% CD 75%

Amantadine - HCl (ug/ml)

145 (126~163)

212 (202~221) 321 (308~334)

The assay procedure was described in the experimental methods. Data are expressed as mean of 3 separate
experiments, with ranges given in parenthesis. ¥ Cytotoxic dose; the dose required to reduced cell viability by

percent, as determined by the MTT method.
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Zslsd o} (Fig. 1). Ae 1 TCIDsy T FollM REHOow Zgrs
EREH A7 £ on, 3d B3 ol

Hlolg] 2~ 2 14 A2 Fole ZE AP 2
A ol A ZHuEAdS BAL $= gl o), Az 2N Aol Wart gl o), wae) 0.1
36A12F 23 FX-E & 10 TCIDs 7 T4, 2 TCIDsy 7+ & A GolM Eo} Bako] WA H Y

Fig. 1. Micrographs of MDCK cells infected with Influenza virus type A (HiN1). Normal MDCK cells A),
0.1 TCIDs, (B), 1 TCIDs, (C), 10 TCIDsy (D) treated with influenza virus for 3 day at 37C. (X 200)
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Table 2. Dose response for amantadine on the monolayer and medium fraction glutathione S-transferase (GST)
and lactate dehydrogenase (LDH) activities in MDCK cells

GST (nmoles/min/mg protein) LDH (Wroblewski unit)

Group
Monolayer F. Medium F. Monolayer F. Medium F.
Control 22872+ 6.93 54.931+8.43 1501.03 +£34.71 11.33+0.83
CDP 25% 199.87+11.91 52.70+7.44 973.34+22.82"** 16.67+1.25°
50% 168.861+15.68" 52.6414.68 860.05 £41.54"** 23.00+2.13"
75% 14418+ 6.40"" 52.14+4.79 605.76 £25.21""" 25.67+1.76""

The assay procedure was described in the experimental methods. Data are expressed as mean-+S.E. for 3
separate experiments.  Cytotoxic dose of amantadine treated MDCK cell. Significantly different from the
control (*; p<0.05, **; p<0.01, ***; p<0.001)

Table 3. Changes of the glutathione S-transferase (GST) and lactate dehydrogenase (LDH) activities in MDCK
cells treated with influenza virus type A

GST (nmoles/min/mg protein)

LDH (Wroblewski unit)

Group
Monolayer F. Medium F. Monolayer F. Medium F.
1 Day  Control 207.02+3.42 59.59+3.10 1451.32+£14.41 9.33+1.20
01TV 212.634+5.96 59.98+2.70 1436.75+16.03 11.35+0.33
1T 207.76 £0.82 59.69+2.31 144277+ 7.06 9.00+0.58
10T 211.65-+4.80 61.01+1.65 1420.02+£13.17 12.334+1.37
2 Day  Control 210.2543.05 55.11+2.07 1435.04+13.92 10.00+0.58
01T 203.35+8.26 56.95+3.04 1435.33+ 8.52 9.12+0.72
1T 155.42+4.12**" 47.12+£1.24 1083.32+39.93"" 28.67+4.16"
10T 139.85+4.30""" 48.02+3.65 1049.71£28.64"** 36.55+5.28""
3 Day  Control 211.19+8.35 48.77+6.14 1460.74+15.22 12.03+ 252
01T 202.47+£6.37 52.39+1147 1396.21 +22.37 17.38+ 1.20
1T 153.16£5.41" 50.38+2.33 704.32+32.51*** 105.47+11.06**
10T 142.06+£9.60"" 47.17+5.84 263.34+ 9.43*** 129.18+ 8.72***
5 Day  Control 210.24+5.36 56.631£4.12 1194.03 £11.65 10.67+ 0.88
01T 179.78 +4.58* 43.49+1.39 5838+t 5.62° 147.00+£13.65""
1T 138.15+6.10"*" 43.09+£9.35 2225+ 437" 179.67+16.15"""
10T 140.16 £4.93*** 45.61£5.65 21.08+ 3.32"" 174.33 11241

The assay procedure was described in the experimental methods. Data are

expressed as mean+S.E. for 3

separate experiments. ¥ TCID;, of influenza virus type A. Significantly different from the control (*; p<0.05,
**; p<0.01, ***; p<0.001).

a1, 1 TCIDs, 248
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Table 4. Changes of the glutathione S-transferase (GST) and lactate dehydrogenase (LDH) activities in aman-
tadine treated MDCK cells preinfected with influenza virus type A

GST (nmoles/min/mg protein)

LDH (Wroblewski unit)

Group

Monolayer F. Medium F. Monolayer F. Medium F.
Control 234.31+4.26 56.19+5.81  1440.73+21.05 12.00+1.53
100 TV 139.71+4.51°*"% 49.2543.75 5576+ 8.81°*"% 206.67+12.53°**?
T + 10A?  141.86+3.39"**Y 52644690  64534+31.92"Y 172.33+10.73"**Y
T + 20A 135194777 5425+775 4170642312 145674463 Y
T + 30A  144.70+6.72"9 4538+6.63  46538+31.13"*" 126.33 524"+ ++Y
T + 40A  148.70+5.78""*Y 424741090  587.22+30.65""” 95.05+6.56"* "+
T + S0A  157.284+1.80°* """ 47444507  672.14:+28.67°""*" 82.45-+8.93° "+
T + 60A  162.73+4.45°"9"Y 52484556  68034+10.117""* 72.334+2.91°**>"
T + 70A  166.16+4.09"" %" 4856+2.06  694.56+12.29""* 55.35-+8.41"""*"
T + 80A  158.70+5.03""*"*" 5425+775 73372416217 42.67+£2.91°*"*
T + 90A  180.96+3.10°*2*®  4967+1027  825.08+16.66 """ 22.334£2.33"% "
T + 100A  166.01+3.67""**" 4498+449  807.72+24.85"*" 26.674:2.417% ="

The assay procedure was described in the experimental methods. Data are expressed as mean+S.E. for 3
separate experiments. ” 100 TCIDj, of influenza virus type A. 2 Amantadine dose (Lg/ml) preinfected with
100 TCID,, of influenza virus type A. * Significantly different from the control, ® Significantly different
from 100 TCIDy, of influenza virus type A. (*; p<0.0S, **; p<0.01, **"; p<0.001)

gzt o] dEAE W) v 5o GST 2
LDH 4= W%5-& Verd A3} Table 29} 2t

D2 M T W CD 25%22 GST €A=& t=x
Z Bo) 42 A9 E 3%S YElWa LDH &
AT 35%9] 2% (p<0.001) A4S B on,
CD 50%%} 75% 2] GST S EE o 26% (p<0.05)
9} 37% (p<0.001), LDH S ©& o 43%9} 60%2]
K93 (p<0.001) 242 JeEr Tk e} o wl el
A GST A TE & T 25 ol i F
2 #@as 4 Qe LDH 45 E CD 25, 50
2 75% 7 BEoA o229 vl oF 32 (p<0.05),
51, 56%2] &9 (p<0.01) F715 B}

5. QI ER X} Hlo|2{2 type A ZHHEE &
7|20 whE MDCK MZ Lo} ZHHulix| & GST

Y LDH g4 ¥F

AEFAA vtold 29 BPFEE Belohy
A wjg7]7koll & MDCK ©% A X9 7Hg 2]
%9 GST % LDH 24 W58 B3¢ 458
Table 30| c}.

79 1959 A% vold 2 B FEd B
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3Y F IEAE 9 Set23 42 R
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o] GST, LDH 84 % 2% 9F 40%9} 268] 2] & A
& (p<0.001) ZAE BEF 4 Ao nlo)gy
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pg/mloll X GST =& 2 F Bt §9]3HA
(p<0.001) ZAHUY T 2 FAE-L 90 pgm! A7}t
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ThE 50 pg/mlFE §9] 8 (p<0.05) Z71E BY
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guto] 2] 241 Q) amantadineS FA] H 718k Al FEo)
A] free radical 8] 5A| o] #Ae}E EAE = GST
o] 84 MES 2FFY A AEFIG 4
¥utel B34 A Soz NE 92 44 53
5= LDHS| 84°& 2435l Aaum FEY
S 24 vpolgl A FAME Z Fujol AA 2 Q
T AA e H52Ee v e 9FE AEIA
3ot

AEFAA vholg 20 =27 MDCK T34
X7t QFFo] 23l WES Yehge g
39 o] ol FEAEE $A3 glutathione S-
transferase®] AL ZF AL o), A A=F
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T v# st M Xo) &g o] ZoEdq, &
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tadine?] H7bs =7t S71ESF wh sl Ro
SHAl 43t 2w, LDHE] &4 = o] 9 §-A}3}
A vdebsteh. a8l x Zduix) e} LDHe] 84
©] amantadine ¥ 7}F %o v 8234 =7}
3t3 3o amatadineo]] €] M| EE4 o] Vet
A A F71 Uk

3, AEFAA} vlol g & g} Ao ama-
ntadineS H7lA]# MDCK A ¥ & 343 wiaks}
RE W, vl & F4j o2 Qste] T2 FojA
FrelatAl AA = GSTe &4o] amatadines]
7FEEE £YFE vEEe S sl QS wmat
olyzl LDHO] A4 % |9} #A}eHA et
U= A2 gvlo] 2] AA| Q) amantadineo]] ¢} u}
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& A3 FAda glo] o] F st n gl
Ty A E &4 A A XL Y2 2o g
o 7kl Aoz A gl GSTE 2 4
ol A wtel gl 2~ AR o] FAL HESS
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dine%t FH7IA1Z] WA W Z& violeix FE
Al amatadinee H7FAIA ] FAIZ] v A
oA % LDHY %9 g Eua H5o|
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Changes of Glutathione S-transferase Activity in MDCK Cells with
Influenza Virus Type A

Byung-Ryul Kim, Nam-Pyo Park, Chong-Guk Yoon'’,
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Public Health Environment Institute of Taegu
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This study was performed to evaluate the activities of glutathione S-transferase (GST) and
lactate dehydrogenase (LDH) in Maddin-Darby canine kidney (MDCK) cells infected with virus
and/or treated with amantadine. On cell morphological findings, monolayer fractions in MDCK
cells infected with virus were exfolated more than 80% in 1 TCIDs, group and that in 10 TCIDs,
were completely exfolated after 3 days during infectious process. In proportion to the dose of
amantadine, activities of GST and LDH of MDCK cells were significantly decreased and those
of LDH in medium fraction were more significantly increased compared with control. According
to in both dose and time of virus innoculation, activities of GST and LDH in MDCK cells were
significantly decreased in 1 and 10 TCIDs infected cells after 3 days. LDH activities in infectious
medium were remarkably rised at 10 fold. In case of the cell line inoculated with type A 100
TCIDs and additionally treated with amantadine, the decreasing rate to the control in activities of
GST and LDH was lower than that in those in case of that infected with virus only. These results
suggested that virus infection and amantadine treatment may effect the activity of the detoxicating
enzyme in the target cells.
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