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Abstract — In this study, the effect of verapamil (VER) on cyclosporin A (CsA)-induced nephrotoxicity was
investigated in uninephrectomized rats. Male Wistar rats were administered CsA (50 mg/kg/day, p.o.) or VER
(0.5 mg/kg/day, i.p.) with CsA (50 mg/kg/day, p.o.) for 20 days. The urinary N-acetyl-B-D-glucosaminidase
(NAG) activity along with BUN, serum creatinine, creatinine clearance (CLcr), body weight, and 24 hr-urine
output were measured and histopathologic changes of kidney were evaluated by light and eleciron microscopy.
The results obtained from this study can be summarized as follows: While NAG activity, BUN and serum
creatinine was progressively increased and CLcr significantly decreased in CsA group, VER almost signifi-
cantly (p<0.05) suppressed and normalized CsA-induced changes in VER+CsA group. While urinc output
increased until 12th days and thereafter progressively decreased in CsA group, it gradually increased in
control and VER+CsA group. While body weight progressively made a gain in control and VER+CsA groups,
it significantly (p<0.05) lost in CsA group. On light microscopy, the glomerular hyperemia and proximal
convoluted tubular (PCT) dilatation, focal tubular cell vacuolation and necrosis were clearly evident in CsA
group, but, were not seen in other groups. Ultrastructural studies revealed thickened glomerular endotheliom
and basal lamina of capillary, irregular shaped pedicels of podocytes, indistinct slit porcs and narrowed
bowman's space. The large oval vacuoles with dense debris and phagosome were distributed in apical zone
and deformed microvilli and mitochondria were seen in the PCT cell of CsA group. But, glomeruli and PCT
cell were relatively preserved in normal apperance in other groups. In conclusion, it is suggested that
verapamil has a protective effect on cyclosporinc-induced nephrotoxicity in uninephrectomized rats.
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28 A2 g (Borel 5, 197634 1977; Cohen 5, 1984)
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1986)3 wZtA17AA|(Siegl 5, 1983)¢} renin-angiotensin-
aldosterone(RAAS)A| (Perico 5-, 1986b) = 414}2] arachido-
nate thA}%-(Stahlz} Kudelka, 1986; Perico %, 1986a%}
1986b; Coffman =, 1987; Elzinga -, 1987)njFof] 2= 4]
G 5] FasA 248l AR AA = gict. o
o, B ATl SAF A LR A ek F2AA A7)
o4l Fof vrld 4 ¢l m¥stell AP AIA A
2 FAle] diate] Ha 9l AEER AHA(Wagner 5,
1986) =9l verapamil-2 CsAg} H§HFoisie] CsA H5F
o Ao Vbl AlEA o] Tt verapamil®] < &8RS el
At o 2 v 2Absled o

Al
=

!

Mz o

AYPEEL AF 270 gmi 9] (250-296 gm)e] Z7FsE Wis
tarA] §-4d ®AH 107}2]4E ¥ o= sled AY 15UA
SEu| S AAsle] AT AEAd BaAls Wr)s
FEAIAE A A S HESAHAE Asl95 B2 ALEE
AHrZe] FEIA 1F:U7k AR 5 A AlSsit

AP 33k el 134 50 mgke?| cyclosporin A
(CsA, p.o., Sandimmun®. Sandoz Co)y& Fo9&+ 73 0.5 mg/
kg2] verapamil(VER, ip., Sigma Coy2 #grFoiil o=
stglon, Bake] AEaldeg B7ME Fot ZlE iz
T2Z gfo] 7F Follx] Fad AAg v Estsa, 2
HAE@FLE2FH2)S -4 A2 paired ttest2 lich.

TE2 WAL cageoll A ARSER T 24 1A 0E 247
2% AAlste] 1d ewjdera 25 N-acetyl-B-D-glucosa-
minidase(NAG) -4 9 creatinine =5 =4 3t9g.om, |
F2 17U 0 2 SR ARHFAGEF)l = 4
ARz Hlg 23 & BUNI creatinine % T cre-
atinine AALE S 5157 AADA & Aol 225
A AL A8t} Creatinine®} BUN § %= A5 38
8.417](SBA-300, Gilford Co)Z. £X5}%1 1, 2 % NAG &
A& Horak 5(1981)9] vl e 2 24w, 7 G &
A W3 s Re] dukE AAs] flFle] & F
creatinine B =kl ¥l w12 hAlsleic). 2adhy g4
L A2 AA2ELS 10% F4 formalin §-Yol 244]7}

1

2ot mA s, A, et ¥ paraffin e 2 Eojstal 6
umo] ¢l AH-L wtEo] hematoxylin?} eosin .3 o5
Aslo] shatdn|d o2 syl s, A& A2 AW
2% glutaraldehyde-2.5% paraformaldehyde phosphate -£-4
of] A A 3}e] phosphate buffer® 4|, 1% osmic acid=
33, g, Epon 8122 EvlEF & ultramicrotome(MT-2,
Sorvall Porter-Blum, USA)2. & 6004 2] FAZE A|Ads}d
7} A& uranyl acetate2} lead citrate® o]593-Ysle] =
Z}# w7 (Hitachi H-600)2 & ZHa-sli o).

Q= NAG &AM (U/mg of urine creatinine)

27 HEAAAE 3.7+1.57) 505035 35% A
Hej o), CAT-E FodA 3741499 7o) 14d4ll= 18.9
+6.022 H Ao B3 & A8 74, VER
+CSATS Bok T wq =7} 6.4+0.82 tja2FH} 28%7)
AeEgl ot CsATA2] 48%2 H-2181A(p<0.05) S A=
gJe}(Table 1).

BUN == (mg/d)2} &3 creatinine =& (mg/dl)

2 7L 156124004 16.6+2.6, 0.41£0.07014] 0.45
+0.11% Zr2F 8.2%2) 9.8%7) Z7}stgd o) CsAT-& 183
+2.804 54.1+2259} 0.37+0.09¢|14 0.85+0.13..2 7z}
7+ 3ue} 23808 =5 (p<0.05) Z7}=|9l 2 VER+CSAT
oA 7h2b 1 4v) 2 Z7)E1 el o) CsATX] 2] 40.1%2. &
2] 5} A (p<0.05) ] #| 5| $1ch(Table II).

Creatinine A|7{= (ml/min)

) EzFd A nekslA] Absdlgor), CsATS 040+
0.0614 0.30£0.062.2 75%2. §-2]3}7| (p<0.05) 7+25]
9337, VER+CSA T2 0.39£0.04¢4] 0.92+0.08% 236%=
6-2] 37| (p<0.05) Z7}5}53 vl (Table 1I).

SHYA 2F(ml/24 hr)

ETE 2047 Ha vlAdwke] 10.9+0.64% vjala ¢
AslAl FABEE L, CsAT-S 1247171 2T & 3}
o7} glsd ot 14do]F = Ff3Al(p<0.05) 4w o] 20
A7 G vl o] 8.6+1.762.5 =B} 25.5%71 7t
259} e}, VER+CsAT-ol|l A= 37 widako] 109

Table 1. The effects of CsA administration and verapamil+CsA coadministration on urinary NAG activity (U/mg of urine creatinine)

in uninephrectomized rat

Groop—~L2e | 2 4 6 10 12 14 16 20
Control | 3.7£15 4.7+12 51+15 49+08 53+15 46+12 51+13 49+13 53+0.7 5.1+13
CsA 37+14 54421 75+3.6" 102+43" 132+38" 13.6+3.9" 1594851 18.9+6.07 1424951 13.1+8.6"
VER+CsA | 3.8--13 57+12 62423 59+29' 67+37" s56+21% 74+18Y 62+25% 63432 79+23"

Control: saline only; CsA: 50 mg of CsA/kg p.o. once a day for 20 days; VER+CsA: 0.5 mg of verapamil/kg i.p.+50 mg of CsA/kg
p.o. once a day for 20 days. The results are mean=+SD(u=10). "p<0.05 vs Control, *p<0.05 vs CsA.
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Table II. The effects of CsA administration and verapamil+CsA coadministration on serum biochemical data after 3 weeks in un-

inephrectomized rat

Data BUN (mg/dl) Creatinine (mg/dl) Clcr (ml/min)
Group Date 0 21 21 0 21
Control 15.7+2.4 16.6£2.6 0.41+0.07 0.45+0.11 0.38+0.05 0.41+0.06
CsA 18.3+2.8 54.1+22.5" 0.37£0.09 0.85+0.13" 0.40+0.06 0.30£0.06"
VER+CsA 16.6+2.8 23.2+23" 0.39+0.07 0.53+0.13"* 0.39£0.04 0.92+0.08"*

Conirol: saline only; CsA: 50 mg of CsA/kg p.o. once a day for 20 days; VER+CsA: 0.5 mg of verapamil/kg i.p.+50 mg of CsA/kg
p.0. once a day for 20 days. The results are mean = SD(n=10). "p<0.05 vs Coutrol, 1p<0.05 vs CsA.

Table XI. The Effects of CsA administration and verapamil+CsA coadministration on urine outflow(ml/24 hr) in uninephrectomized rat

Group™—D2te | ¢ 2 4 6 10 12 14 16 20
Control | 83+1.2 9.6+1.1 109209 109+1.3 11.5+1.4 10.7£2.0 113+13 11.6+14 114+1.4 104+3.5
CsA 88+24 80+12 7.6+1.7 83420 11.1+29 11.2+35 104+3.0 68+1.0" 7.1+14" 73+15"

VER+CsA | 84+10 85+19 9.6+28 98+26 113+20 12.0+19 11.9+22 11.6+1.9" 11.4+20" 11.7+2.0'

Control: saline only.; CsA: 50 mg of CsA/kg p.o. once a day for 20 days.: VER+CsA: 0.5 mg of verapamil/kg i.p.+50 mg of CsA/kg
p.o. once a day for 20 days. The results are mean+ SD(n=10).1p<0.05 vs Control, Fp<0.05 vs CsA.

Table IV. The effects of CsA administration and verapamil + CsA coadministration on body weight(gm) in uninephrectomized rat

Group Date 0 14 21
Control 254.0+8.6 267.5+7.77 279.1+8.3" 290.0+7.67
0 13.5+3.4 25.1£3.1 36.0+7.0
CsA 262.5+13.1 248.8-+13.0" 234.94185"" 231.7+22.4%7
0 -13.949.5 27.6£21.7 249+13.8
VER+CsA 254.3+8.8 260.7+10.85% 270.8+14.3"* 278.4412.91*
0 59+438 16.0+7.8 23.6+5.6

Control : saline only.; CsA : 50 mg of CsA/kg p.o. once a day for 20 days.; VER+CsA : 0.5 mg of verapamil/kg i.p. + 50 mg of CsA/
kg p.o. once a day for 20 days. The results are mean+ SD(n=10). "p<0.05 vs Date 0, *p<0.05 vs Control, *p<0.05 vs CsA.

130 27w v|sdlgde
A BEE 2372 E A3 3
A= (gm)

fz2FoAe 353dd 2900+7.692 14.2%7) =7}3)
dov}, CsATolAE 231742242 11.7%7} ZHa-shedct.
VER+CsAT-o|lAE 2784+1292 93%£] Z71sle] CsA
o 23t AFztiE A=, dE2Fe 655%%4
CsA2] 388 93] JA|84A]= Falgiti(Table IV).
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Weg A FEZ FAHA AAZ 71AY = S
A Z (Po)e] Al EZ(Pe)e] UA7E ZHA o2 wdE o] AF2
(slit membrane)2- o|F 3 ¢Joivh(Fig. 2). = FLAF A
A zE AZZF A3 7719 ¢ B2 A2 (My)
o} vlAlgrge] Azl o] AR AMP) glom,
AFEZotelle 5o AM)e] Az UL, o3
A Eele] Az (o] Ryow, @3l 2]
Golgi Al (Goye} i iedal AwH(RER)e| ¥E= > 9 oot
(Fig. 3). CsATS] AF7-A| 2 A WAl Ee} 7] 2}e]
FALR L, EAZ2] AEFo] BFAIA AL BF
=&t AFZ= Bowman | 7HBSy] Folx ¥4 1(Fig. 4),
=9 FoAR AAAZE g T dE EAsAR,
Az Rl AL S & B2 FhHshs N Gy
o] 2 EA(V2)e E-2 At LA Lyt BEEH Q)
o, nlAlg-mel A A ] Bofn B2 sAl W s
gl th(Fig. 5). VER+CsAT2] ARTAlE 2AET {3
T2E 47k FA9 HAAT, Bowman K75 A £
AZZFL Ao B9 0w (Fig 6), 9] F2MT A=A
FollAe wAlgR, A A, 82 Ao 2 Bem, o 9
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Fig. 1. Light microscopic appearances of rat kidney. No
pathologic changes are observed in contro] rat (A) and VER+
CsA cotreated rat (C). Glomerular hyperemia, focal proximal
tubular dilatation, epithelial vacuolation, desquamation and
necrosis are observed in CsA treated rat (B). Hematoxylin
and eosin stain. X 200.

of| = chakgt =719 FA A4 A (PhyF 2= g} Fig. 7).

L |

CsAl= 19700 BFAA) SNk Fof -2 4o)} v g1

Fig. 2. Electron micrograph of glomerulus of control rat
kidney. Glomerular capillary (Ca) and their endothelium
(END) seems to be intact. Basement membrane (BM) of
glomerular filtration membrane is seen electrolucently. The
podacytes (Po) and their pedicles (Pe) are well developed.
The Bowman's spaces are regular in shape. The red blood cell
(RBC) is within capillary lumen. Uranyl acetate and lead
citrate stain. x 27000.

[y L L
Fig. 3. Electron micrograph of epithelial cell of proximal
convoluted tubule (PCT) of control rat kidney. There are
abundant microvilli (Mv) at apical surface. The nucleus (N) is
located more toward base than apex; numerous mitochondria
(M), Golgi complex (Go), and rough endoplasmic reticulum
(RER) are distributed in apical zone of cytoplasm. The
epithelial cell is attached 10 adjacent PCT cell by junctional
complex (Jc). Uranyl acetate and lead citrate stain. X 10000.

Auke] Eok ZFF9] Cylindrocarpon lucidum Broothe}
Tolypocladium inflatum Gams®] FE-Fo|4 Ealg LR}k
1202.6 dalton®] 117Y ofwlilo 2 F-Alx] A TZE X
A 21348 2 oligopeptidee | tHDreyfuss 5, 1976). CsA
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Fig. 4. Electron micrograph of glomcrulus of CsA-treated rat
kidney. The glomerular endothelial cell (END) and basement
membrane (BM) are thickened. The imegular shaped pedicles
(Pe) of podocytes (Po), indistinct sli pores and narrowed
Bowman's space are seen. Fenestration pores of capillary
endothelium are not seen. Uranyl acetate and lead citrate stain.
* 18000.

Flg 6. Electron m1crograph of glomerulus of VER+CsA-
cotreated 1at kidney. Glomerolar endothelial cell (END) and
basement membrane (BM) are slightly thickened and
penestration pores of capillary endothclium are scen. The
pedicles (Pe) of podocyte (Po) arc intact and Bowman's
spaces (BS) is within capillary luvmen. Uranyl acetate and lead
citrate stain. % 27000.

Fig. 5 Electron mlcrograph of epithelial cell of proxundl
convoluted tubule (PCT) of CsA-treated rat kidney. The large
oval vacuoles (V2) with dense debris and phagosomes (Ph)
are distributed in apical zone of PCT cell. The microvilli (Mv)
and mitochondria (M) are irregular shaped. Uranyl acetate and
lead citrate stain. X 8000.

71 Agsls A Fl<e£-3 = calmoduling} cyclophiline)] =]
(Hess®} Colombani, 1986), AL X o) FRARE BFER
o} A o2 wAEA ddEe] gl 2] A F
qloll &2 SR E CsAd] 2§ &4 AEdAlL]
WEyh CsAe) AlEAF BAsA dd"cs s
(Nagineni £, 1987). CsA f#zhg¢-& 58 dziido|

Flg 7. Electron micrograph of epithelial cell of proximal
convoluted tubule (PCT) of VER+CsA-cotreated rat kidney.
There are abundant normal microvilli (Mv) at the apical
surface. The rtound nucleus and cytoplasmic organclles,
mitochondria (M), pinocylic vesicles (Pv), autophagocytic
vesicles (APV) and basement membrane (BM) are intact
Uranyl acetate and lead citrate stain. x 10000.

=4 o]u:](cohen =, 1984) AT— He oﬁi‘ﬁr kil

¢ 7 % A& 7]
ZAehnz @R AT o] vehde 7} ok 5t
HAo(Blair -, 1982, Castr() E, 1983). &}, vlrtedzle]
CsA A 842 2gx o7l vevlhe 7Pl 4154
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o4 BUN# ¥4 creatinine 5 Fof& A8 2Ha
=A%k CsAL] EF v Foiga) vH ] g =
o)}z §he}(Cohen 5, 1984).

CsAol| 2|3 4178 sefjeha] wish= ARFA|, A, 2b
A, B Sof veld 5 glon, 2R W] gl 7]
A ol gm e AlAe)s F AEAQ] Hlw B Fi
Fabell A b= vk 7 Aja), Fofal wlH
o FALE vehte ZHFAET g 54, A7)F
o Alolli= Alkge] &= A AREe RAER &
3 AFEA €A o= doksbA Jeld 4 9lokar gt
(Mihatsch 5-, 19869} 1988). A2 AW AAAIZ 2| A =
Al7ko] A& e ZEoll 25 mg/kg] CsAS 245 4t
o Foisld GFRY Zh4: 2 AA Y E4ET, 9T
A=t A2 Fx3A, HAl, 714 5-9] AAFE
A ze] FANEE Ao 23 9 FA, S8 4A
27t 5o Ak wie] BT old FAWAL
7} Aoz Folg8ko]] H]#|3} . E(Thomson %, 1984;
Bertani §-, 1987), 432 Zo| A} FE FA3% o
o)At x1Z ¥ A] ¢k oo (Thomson %, 198134 1984; Vanren-
terghem =, 1987), o] 2158 AlFA ok Awwbr)se] At
o= o] HFlvkw 31l (Battle £, 1986; Gnutzmann %,
1986). CsAw dAA 22 AbA) FAA 258 5
AlA AFA S A 4A 7] 22 (Cunningham 5, 1983),
renin-angiotensin-aldosterone  system(RAAS)S- X}=-A] 7] A
U(Siegls} Ryffel, 1982; Perico 5, 1986a), PGE, g4 ¢] 2}
A% o] (Stahl#} Kudelka, 1986), thromboxane(TX) A&
2744171 Z-&(Perico F, 1986ax} 1986b; Coffman .,
1987; Elzinga 5, 1987) WAL A7} A1548E7] w4l 7
Zrthsr ghch(Siegl 5, 1983). whaba], AgzA 4] TXA
2] o] ZFrlElT PGLS] o] 7h43lH PGL/TXA,
H| o] ZhAstnz Al¥Rrl wssiAl dck(Perico &,
1986a). 22| 22, PG} 16,16-dimethyl PGE, % CL135,
5748 Folsiw AsiE AVse AR 3l
(Bennett 5, 1988), 4814 H|oF 2] 544l misoprotol(PGE,
FEAE CsAS] A AL AAfle] CsA FAEA=
AL AAF % 9le)(Paller, 1988), &3 gt AlA<l p-
aminobenzoic acid-N-D-mannoside(K-MAP)= CsA 4154
S A& 4 gledclw s}¢dch(Teraoka 5, 1988). Eico-
sanoid 4 A EA Q) eicosapentanoic acid(EPA)7} F-¥
g o {A A= A=A 2] TXB, §5Fs 74A]A CsAd €]
gl A17]5 A she) A AR kA El 9= 99l 51 (Elzinga 5,
1987), dopamineXx. CsAo|| 2|3t Al7ke] 7 oI5tz wals
WA 5= AT 3T (Conte 5, 1988).

CsA= Adx A& g {2l 2283 atrial na-
triuretic peptide(ANF)2] ¥4[& JAF}E2 CsA®] Fo5
FA3HH, ANF7L AAA e En|se] TXB2o| wfd)

GFRo| A7} 5| 8irh 7 gheh(Oaks 5, 1988). 4184 TXA,
=87 ZgkAel UK-38,485(Perico =, 1986a; Ahonen &,
1990)2} KT2-962(Kim %, 1992) 2 TXA, A &4 o4 A)
8l dazmegrel-2 CsAel| 2)%F TXA,2 A3t a3 NAG &
Ae Alsn, AAnT A ATe] e oeirix
22 8= WSe] WA =Eglcky 313 th(Gladues} New-
borg, 1991). = o =717k CsAS Foslw GFRe] 74
331 RAAS2] F4de] Z7bEw] AlAbol|l A arachidonate o
Abell W#rt 27] wlFell ®A renin FA B ARTAE
XA, $4% TXB.) 2xde) 2715)m 294l
o Fgol Zbetel A8 Ashe] Z7bo}aL GRS 2
A23u 8 A creatininez} BUNL| =7}, 84 A2 7
A7} et} Elc}h(Whiting £, 1982).

2 A= #AE AHA EF ol 25 mgkge]| CsAE
357 SN2 $ee Al AR ABas 23] A
o "3 creatinine®} BUN %9 Ab=: creatinine A|7-§
7ha B9 7158 XA AR AE £IAE
el 23 NAG ZAlo] F7}sledct. =&k, hematoxylin B eo-
sin o[ 4 A A = AFFALY 2T ZHAFA T
742 A Az FEHPA, FAL, 2d= Fol XA
3, AARER A aAAd e AR ZAER 73 =2 H]
&, Bowman 4] 7}9] Z4, DA X AZZe {3} 7AF
of 24 3 AART SN2 Aol D A
A9 W, AZARY ANTE So) Zbe} AR}
& AZAANS TR Y G L2A Seo] a3
S5k o] F W FoAM 25 NAG RAe] Z7hE Az
A sk A A 2] Vel Al 2R FEs) AR
=7F E2 0¥ Y SF AT A HHe AT
AellA FAE wWHEFS dAH g CAr g3t 34
AZWZR o]F3le] 45T o|AH o2 FrH 2
& WF R Wsl YA gsiel AR}
42 Aold Coark A1 8RE 234N ABF7} 2
Ha RAASE] #Ao] w3l A1# A EolA] arachidonate
dhAle) WEEo] SR o2 2hgale] 715H A ol el
49 Aoz Hae ek

CsAy =8 7}3F2] cytochrome P450(CYP) &4 A o4
) AfE] 22 (Beveridge, 1982; Wood 5, 1983), phenobarbital,
Aroclor 1254(Cunningham %, 19833} 1984), isoniazid, rif-
ampin(Langhoff®} Madsen, 1983), phenytoin(Keown %,
1982=} 1983)3} -2 CYP EA4AE A FA7|= B2
vl2] Fof sl vt CsAs) Wgro s CsAS] diAbrt S3l
o] AlEAL 24w WA el 3] gitt
I kgt bl CYP ZAAE HAF= erythromycin
(Ptachcinski %-, 1985), androgen(Miller2} Ekelund, 1985),
ketoconazole(Ferguson 5, 1982), cimetidine(Wood 5, 1983)
o CsA tiALE QAIBEER CA F-E7} A5F o] FA4]
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Z714 4 9lvb . el (Cumingham 5, 1984). 2452 2}
AR CYP 2aAlolA tAlEmE W Foish Csal)
YALE whsl| 3l (Pochets} Pirson, 1986) CsA BHx %7}
Aslol BAdAHE3} 2AE 24N 7Pl ol
B gl oak(Tesi 5, 1987), Rooth S(1988)2 verapa-
mil2 CsAsdl| 23} AAe] Pellsdt Aol 5 FEA 22 uh
A& 4= ek skedch(Rooth %5, 1988).

T, AR ZANAY ZFER AdAE PS5 Ae) £
ANE = Zegol 58 Adsle EFATE 2442 = 917
o, AE 59} GFReY| Wi§t d3ke ZHEE AdAY £57
of w2} th2 ). 2, angiotensin I1 5o, 1A o4
5 249 7} v, A &40 o] AlERe) A&
A7t 271 Aol ZgE52 Adale] Fatolglal
o] ZhshE v, o| AL LAY 1A=l ik AA}
2o Wtk AR Fola) & 4 g} AgER AshA|
= tE EoeldAg s e F2 AN AT AF
& A7, A o' Ak TX §49 A4 wate)
Na o]22] z|EF5 JA3lv, TGFol| gk «d3ke 2 GFR
= Z7}A7] 322 (Loutzenhiser2} Epstein, 1985), ¢] =] Hof]
A Al 2 AR ¥Re)lES fdtkz g (Abe
% 1983), wgh, 7l A] verapamil-& 418 7-2- o] 2FA]HA re-
nin 4|8 A5k (Roy 5, 1983), nifedipine-S 73 ¢}5h
A}ollA] A aldosterone & 7HaA)|Zchw 514 th(Resnick
< 1982). 8 A= AlAke] EAHGTATNE 25
o] YRR AFER AdAE LA TNE Zg
o] 52 At FHE ol ERHE 2AA 7R
FHEA 7} 342 4 9loky skl th(Braunwald, 1982).

A4 HEA == A5 B4l ofg ek AAw
T AzEAdllA A=, Azebe] £4E 7 FHilEE
A& Zgol o] DAgsA Hstng & AY Ak
AEN A= ZAFe] AeER A5 Db 2F W &
A2 BARHNE A3, AR AL, SeagA, Az
FAFEEo|H, o]uf ZHE-2 phospholipase A=, T}
Hel Wiz}, Axzae] T2 7158 W3 A Az 2
7o AEE} FYoF qlsle] Axe] FH=nz Az
7} €A FohHumes, 1986). A A= Ay 29
T8 AFALo) . AR AR AY AEEST)
o) A AsA EYEOE dgFaes AL
Z (Greenawalt 5, 1964), A Z] L B2} o] Zof kS
Fo GEEo AZEANES dAE 4 9l& Holzhx gt
(Humes, 1986). CsA9] Alwst AEZFA L] Hale] CsA2
Ao A E A4 ==, 2 7L AlEzTte EX)
she ZEEES) CoAvh o oke Bav) FEA LR Uy
Shm2 o)% Txe) AW FBaHeo] Csae] ABY F
Bl B Pealo] S, BB ADAE 292
R AR AL 23 Csa2) o] FE odAlsled oAt

AZhe FHH= AL A 5 vtz 3h(Nagineni
<, 1987). ¥ APz #A24HA] #F 6l 50 mgkg]
CsA(p.0o.)# 0.5 mg/ke?] VER(ip.)e M-Ik 27}, CsA
ol 23 AFn, Sk WE, 2% NAG B4EY 27,
BUN} &% creatinine 58] 4%, creatinine |78 7}
T2 A7IsA st AFFAIS At Ads] Azl ok )" =
Aepd Wol] Abds] A=) o]Ake] Az CsAd]
o AEF 5L wfjFol ABFIT 24 T RAASS]
o] W3} AlAA Eell X arachidonate thALL] HET o]
Bta e w zhgste] BAsN= 7]5A]l o]Abel tig VER
o] Adgrakgolzla B 4 9ld.em, Aga &7 CsAz} Al
EU 2 o]Fsle] FHH ] WAste A EW ol T U
AstA FeEddehs CsA Al5A 7[4el tiste] VERe| &
AR 2hggl Zolztz & 4 glsirt. wElA, AEa4
A FF A BER CsAS] AR5 SA 28 o
el thdto] VERE whel gl E3547} 9lE AR ity
Wom, CsAel VERS] a2 7kl 22| CYP &7
ol A3k 4ZahgoF VERS] 93te] CsA9] tjAlz} oA
HEZ CsA2] Fo3-438 &Y F 32 CsAd| 93 415
AR JAE 5 9l olF o) otz Ak= 59}

itd]
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