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Cyclosporine A7} 8§

<7

T

HbS ol mX& 4%

AR ostjet Wtz - dAdgE AFAR A7
ohpdietE S)shuhet Algulshetm At

SihM - B35 - ZBHUS - FHTE - 0|8 Y

QMG e Bemal

o 9

M a2

AEAQ A7)0)Ae 71 & ANEL 59 5F
Hajuhg-ol). ol2igt Auhe-& A7 AMA B
7]0}4] & HogdMA2 A5 g azathioprine,
FAas Az e A, gzt PSS ARl
Fojdie dr|A 29 ohe} o E AT E wlAd
dAo 2 ofAste oAl ubd FHite] /pER cyclo-
sporine A(fungal endecapeptide)+= T 570} #&
g dgukgukg Adgxez At YAl
Byu+, oid W87, AAE, AAAAEFel=
A9 J%& vH A d-Fo2H g A uld B
o} deHq A g JHAZ dH G
2 &3 AH-532 ). Cyclosporine A+ Cylin-
drocarpon lucidum#} Trichoderma polysporum 2
9] 228222 1976\d% el Dreyfusss?o| 23 o2
Hglen, 1 o]F Ruegger5¥3 Petcher5Vel 9
# AsstAo 2 FA=si Borel¥sl 2j3) RgqA
7o) glgo] a5}l =g HHojAe T o
27kx] A¥E §3 cyclosporine A7} Mgz} A
XA v dAsiAt F2 TYshve] ddolxn
7tg94el AEA HAGA 716§ 2 glon I

A 2RV FAHL e e BaFUGY.

v} cyclosporine A2] AddFolz 7 Wy
A Agor A FFo|A g Frjo)Ae A&

o] ¥ 1993dx dMuttm ojspet AnksA
A7u f A3 A7) AR BEE2 o) RHE

-

A
(L

o] go] FAEISole &7, 279 e
Foll kAARE Slof AMFe] Ha glc}. F, Calne
& Alo]4 & cyclosporine AE AH83F &3 F
39] Fx}ell A ¢}2)= cyclosporine Al &J&h Algk At
F4o] 1S vy, AFA oz nHY Y,
AZe] A 3710 Sol $a% g0z FAA
Ha glew, a8dx trF, A2 udF, A4
(tremor), 7F5A50] BoEg}.

ASA 9] ke FA A A Jh Al HEtE A Al
3 A $712 st A¥FE AFA S9-%
o] ZtAst"Y ol2i§t AR AP i F2
FAA AR AE oA g, vy A=
Ae gegty &3 34 st Aa AVE AR
HEY F2 Ane) 945, A 443, 222
AFA¢] &g (glomerular collapse)s 735-5-ol
A o)L A HEA S I Ao
2 3253 i, g9, cyclosporine Aell 2%
3G HA 7)) dsje ofAx Ay T EH
A skskent A & A3} AF YRAA cyclo-
sporine A7} €3 423 F/pe o PP olgk
g gt aWalzichE Ae] BiLEe] cyclosporine
A7} A3 g7l 45EA 3L e ¥
Bxl4- E7d(vasoactive substance)ol] oi¥ ¥ uk
<39 WigE 2fdted DHYE LY Ao 25
S i,

¥4, cyclosporine A7} "ol niAe 249 o
HAgeisty 7de2e o e 7HdEC] AAH
2 9}, AL cyclosporine A7} 4 & AAH
ol MFAZR BAEE F7HA7|57 Apg2dst A
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d2ag o) g9 uk3-g Ao Mg, 1
21} o] 7}A& phentolamine AAM X2 E cyclo-
sporine Aol 2% g} ub-g-ol Wite] P2, cy-
closporine A7} @3 1} Aol 8% 7S
ulg ZF7HA71A ot 2 7FeAdo) Futsict. A
L+ cyclosporine A7} renin-angiotensin system$&
YA5AA ko] F3Eche Aol e A
oAM= "AW d X7} cyclosporine A Fo
#‘_ B;’.ﬂ.o] 3174‘"}_3 .13,35,36) ‘gi]a 7‘}./\35,37,38) E\‘lt}"t—_
A3} angiotensin A# T4 JAAE Fodlox ¥
Fostel] WstE 2P51R] e FVFLE v]Fo B
o} 1 7FsAdel Ak, MM cyclosporine A7} ¥
& BAA]7)= prostaglandin & prostacyclin(PGI,)
o] WAL A AP F2 B ¥} 75
thromboxane A.¢) 444 FAA|gezH 3
$Zo] Sk Aole}. 22y PGLe) <HAE o
AHEQ) 6-keto-PGFia7} A9} 7oA 2313 F71
Frhs Ra4ee W] girks A0, a3 AR
M E W§te] QlcheAd* 3} Fadchke A¥ 5o
2 uj$ tjokslnd thromboxane B.(thromboxane A,
9] okAE YAE) 2 wids 238 Fadty By
sz ¢ce®. =§  Pericos*®o] thromboxane
synthase 2JA|#7} cyclosporine A ¥ ¥ &4%
A7)5-& 38X F4st9.evt cyclosporine A
o) 23 m¥E A A7t Psde*, cyclo-
sporine Aol ¢j#) ¥Wisig ¥¢ WS Eex AFHE o
ehix] 23k, mebs cyclosporine A Fo F
dPg #§Y 3 4347 prostaglandin A}e]e
g3o] AAER o] sl ofF] BAA oL UA
olc}. WAl cyclosporine A7} 3 HFZ M Ee
A AZUZ Cat*o] #4& A3¢o2H arginine
vasopressin-sensitive [Ca**]i pools& %7H1#A ¥
#F 38 it AP, AT RE cyclo
sporine A7} 3 WM T JHFE w2y
YR T3P MR AR BYEE
g3 A W=y e]st U (endothelium de-
rived relaxing factor, EDRF) % nitric oxide(NO)
o) %218 AAMAP® 3L WY 5 AR en-
dothelium derived contracting factor, EDCF) 9] &
1} ezl endotheling] 71%5-& FaA71AY A4
& 2Rt sRAdelch ), o])glA] cyclosporine

Aol 9% ¥3 wh-gx Wisltel did J)ALE i o
dtod oAy @2 =3o] tiye] Hi it
wata] B 47 548 A, cyclosporine A
213k ¥ whex wislel s)Ae] ¥ 59| F7t
of 7)1QBHEA] -2 i o]k ool FAF=AE
#ass 54, ¥ gz Wi} cyclosporine
A°‘] g 4 AR 7Aool g AAA
o g3 HUT) Fofol 27 AWAE —7-‘-"}5]'—!-
/ﬂﬂﬂ, cyclosporine A7} 8¢ WoAX &2 HYT
o vl Y d Wi E -&’é_h?}_"_i’fq cyclo-
sporine A7} 89 w-gx Wsld vlX= 9% 1
7144 F95=d .

Mz U
1. W8 Nz

1) 48 =8

AY B AF 200~300g W] 3 Spra-
gue-Dawley#l #HE AHgsider, 437 A
A S (7497 A Adg Fo, 1Y 13, ¥
3] 0.lcc), cyclosporine A 2] 334 (vehicle) 4l cre-
mophor(polyoxyethylated castor oil) F-oF (747
cremophor F-¢f, v} 3 Fojake- cyclosporine A ¥
2k9) 65%), cyclosporine A F<Z o2 ERHslgc).
Cyclosporine A §oJZ¢l|4] cyclosporine A£] oF&
Z+z} 15mg/kg, 30mg/kg, 50mg/kgs 37H4 Fo=
2Fto] ol YA Aol 77 BAAE Felst
st

2) 4=

2 A#d) A3} norepinephrine, acetylcholine
chloride, indomethacin, superoxide dismutase, L-ar-
ginine, sodium nitroprusside, cremophor-5-2 Sigma
Chemical Co.(St. Louis, MO, USA)9l| A} F+4i&}e] A}
43190 ZAJA=
Fugisawa Pharmaceuticals Co.(Osaka, Japan) 24
], cyclosporine AL & AbeA FAIFAH AL, &
F)2HE F4lstdd

2. Wy

1) AHEES aluis |4
E2E A& 4F 7o AFR AFH 73

endothelin receptor A

7] ¥t
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Force Transducer
d

Mixed Gas (95% O, + 5% CQ)

‘Water Bath(Temp 37'5)

/ Physiograph

g 1. €9 33829 A 54 A ¥4 dyg@
ol L] stainless steel hook& At4i3te] 8}
2} incubation bath2] wictel] nAs}H 2, 4
}2 force transducerel] 17sle] ¥y HIZ
A WA= $HAY FHE& physiographel
71&sdch. AY 717k E<F incubation bath uj
9] £2+ 37CE QA FAs Ay £
7138 (95% 0,+5%C0O)Z A 44& x3}4]
A}

& 2Aslgow, ¥e tail cuff plethysmography
yly o 2 polygraph Grass model 7(Grass Instru-
ment Co., Quincy, MA, USA) & o]83o 4z} 29
4 2R3t o YFgoe 2 Jehligich ofE Fo F
8 F AA7)7] Ao AR Aol o# "HE H)
38} |3 ¢4 (blood urea nitrogen), ¥4 =
dlobeld, ¥3 cyclosporine A ¥ (specific anti-
body, radioimmunoassay method)& A&}

2) ciEYetel M=

YHAE ether w3 F FH& dof 334 F4 o
S AHZ3lo o}F A2 EE7IAM(95% O+
5% CO,)2 ¥3}%] Krebs—Henseleit £ (K-H &
of, mM: NaCl 118, KCl 4.7, CaCl, 2.5, MgSO, 1.2,
KH,PO, 1.2, NaHCO; 25, Disodium salt EDTA
0.026, glucose 11)0] So{Ql= petri dishell g2 &
ol 3 F9lo} Auat AA2AE AAR F 3
~4mm Fo 2 A} lFRFe uhEo] AHE-shch
ol YF WIMES} A=A YEE F23tgen,
ga A A% g3e) YA AZE dES o]8dte AA
ste] Ayl ARgsigct. WHAAZ EA f7=
Furchgott ¥ Zawadzki® 2] whfe 2 #qlatgd).
2. 10"M¢] norepinephrine 2 #¥# %% Fx3

2! norepinephrine &xi3}e) 10°Me] acetylcholine
& W] 53 Yxo] olgaha Win AL} E4)
e Aoz ek, £21 Yol olsA 47
3 238 o S50 HE A4E WA AAL
o2 74yt

3) &= /Y

e E¢UIAZF 83 FEEHD, L2t
37CE A 5= 20ml K-Hg-do] 5¢Jg)= incuba-
tion bathel] < AbeljollA] Lat2 Xl 27]2] stainless
steel hook(&7 0.6mm)3- o]-§3}e] AL}, o]
] hooke] §% Z& incubation bath} wjete] 74
st & § &L force transducer{Myograph
F-60, Narco Bio-systems Inc., Houston, TX, USA)
o AAste ¥xhe] F3HA AYE physiograph
(Narco Bio—systems Inc., Houston, TX, USA)ej} 7}
e (2d. 1), FEE Foidtridl oA dEgE
ol 1g9] 712 AHE 718lef of 2417t Fat &= 9
840 dANA wiztA] FYE /AAA dEAR
ARt A AW ez RE HEHLEEF 39
t}. =3} o] 7)7} ¥<} norepinephrine(10'M) o 2
gy 2% 33 f=39.29 norepinephrinesi £
g 83 559 277t dAHA F £ A AAE
At
(1) Acetylcholineol| 2/t izt O|24& 3}

Cyclosporine Aell 2]§F W3 2)EA ol¢k(endothe-
lium dependent relaxation)e] WaE ¥7| $is}o
WA Er) 2 d59Es AAY dEdee
37°CY incubation bathelj4] &%, F¥AE H3YA
71 % norepinephrine(10'M) .2 514 3 &
o] =77} dAMAE w incubation bath el
acetylcholine ¥%7} 10°M¥¢ 10*M7%x] Hx =
AR o2 sl P A |t A2 7+ A
FE2 w)asigc
(2) Indomethacin FXX| AefA| Acetylcho-

lineofl 2t @& o2t W3}

Cyclosporine Aol 2j& W5 224 olghe] Aoz}
cyclooxygenase tHA} AHE-2] %9l prostaglandin H,
¢ thromboxane A,¢} 22 EDCF &7} 2% 2
QA& ol¥ 7] $J3}e cyclosporine A(30mg/kg)
£ 5oy #F9 WHAEI e gEgEe
norepinephrine(10°M) 2.8 $&A]%! F acetylcho-
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line =7} 10°M%8 10°*M72] =2 HAHo g
Hriste] W A= ol A= FA3T 33 K-
Hedo 2 AHg the cyclooxygenase A #|al in-
domethacin(10°M)-8 30%7F AXNA{ £ indo
methacin(10°M) o] A4 EA3l= Aelol] acetyl-
cholined]] oj& ¥} o]2te] Hxg vjwsgic).

(3) Superoxide Dismutase MXX| MEjA] Ace-

tylcholineol] 28 §ia o2t Big}

Cyclosporine Ael] )4t g} &&A4 oigte] Aols}
EDCF¢] %<l 3Mi3E ol A4 Sl A
QA& ol r.7] 918} cyclosporine A(30mg/kg)
£ ¥ e HHMEsl EAFs deEs
norepinephrine(10°M) o 2 $&X]|31 % acetylcho-
line &7} 10°M3H 10*°M71#] HES AHAlHo
Arlsled WP AY o|¢ AL E FFsT 37 K-
Hedez MAY df ASHE fol9 BA4
(scavenger) 2 < 2] %l superoxide dismutase(60
u/ml)E 108-7F AA A% F superoxide dismutase
(60u/ml)7} A% EAst= A4 acetylcholinee]]
o3 ¥ o|gte] A=E wlwslych.

(4) Endothelin Receptor A & XHR] A=)
Al Acetylcholineof 2iBt @& oj2t& pis}

Cyclosporine Aol 2§t Wis) oJ&A) o]gke] Ao
7} EDCF2} %4 endotheline] A4 F7poll <ljk
AJRE Lolr7] 325le cyclosporine A(30mg/
kg)E 5% AR uinAM I} Exqdte fEAR
€ norepinephrine(10°M) 2.2 $&4151 & acetyl-
choline ¥%7} 10°M¥-¢ 10°M7A HE & HA4
o2 7l ¥ AY ot AxE FA3n 3
3] K-He4eoZ MAF o} endothelin receptor
A A (10'M)E 4087 AHAE F endothelin
receptor A AIAM(10'M)7} A& A3 A=l
4 acetylcholineol] 2)% ##t <|¢te] AR E wjxd}
et
(5) L-Arginine Hax| AeHAl Acetylcholine

o o8t §H o|RH s}

Cyclosporine Aol £J§ W5} 2|EA o]2ke) e}
EDRF & NO$9 B4 A&te] 23 AUAE dolr
7} $}8k9 cyclosporine A(30mg/kg) S F498 34
2] oM X7} A3 HE5AE-E norepinephrine
(10"M) 0.2 2271 F acetylcholine ¥%7} 10°M

56 10'M7H3] HEF HilHor Hrjste ¥
Y9 o]t AL E FAstm 33 AHE S NOg
7)A (substrate) 91 L-araginine(100z M)£& 3087}
HA AR ¥ L-arginine(100 z M)o] A& &A=
Aejo 4] acetylcholines| ¢j3F ¥ o)gke] Y= &
w)ir sk},
(6) Sodium Nitroprussideoi /3 $ig =& W
5ol &3

Cyclosporine Adll 2J§F W uje)&A o]2k(endo-
thelium independent relaxation) ¢] #&& ».7] 93}
o Yo AL} EAske dFAEst AAY ded
€ norepinephrine(10'M) 2. 2 4247 & €% #
o] 7717 dA#| AL o incubation bath W& so-
dium nitroprusside®] ¥=& 10°M%-8 10°M7}=)
Heg HAAoe Friste] ¥ A o) AxE
7+ Ag-EE w3l
(7) Norepinephrineol| 2|8t @t +&&29| W3}

Cyclosporine A<l &3 €31 ¢ 2] W3alE w7
93} cyclosporine A(30mg/kg)E 747k} 144
7} A% 59 Wy AL} EAENs A A
)% o5 9¥bo]| norepinephrine?] =& 10°M3-¢
10'M72] S8 PAlgez FPrlste] 4} 55
& Z29= nlwshe.

4) Cyclosporine Aol 2|8t Bl mjM el HRTD

9| HEelsA s

797} cremophorg& Foi¥k ¥Fe} cyclosporine
A(30mg/kg) & T3 A9 AsA3 dF54E 5
28] d¥= FY Jv) AAE 98 10% F4
Zeddel 8417 o 2AY t3- sl Evjs}
il 3~5um FAZ 9t"ddle Hematoxylin—Eosin
(H-E) 94§ A19stsdrl. =3 Axdv 33 A8
8 g¢xAE 2mm FAR Adsto 3% glutar-
aldehyde t5-8<o] 5A] w48ty Eponel| Xr)3}
%it}. Epon ¥v} =3& 50nm= H|AH3ste] 2ubdd
% 9o copper gridel]l mount#}2 uranyl acetate
%} lead citrate® A3t HA}yw)74 Hitachi H-
500(Hitachi Ltd., Tokyo, Japan)& °]43le] ¥%
WX 9 g8 22 W3lE dFE)

3. XigEy U BAXE
Acetylcholines} sodium nitroprussidel] £]%+ ¥
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E 1. Cyclosporine A Roi%2| MZ U Holo ¥iE

Group N Weight Blood Pressure
Initial Change Initial Final
(g) (%) (mmHg)

Saline 30 204 +8.0 116+7* 121+4
Cremophor 55 235 +75 12444 124+1
CSA 15 8 242 -10.7 12242 125+1
CSA 30 58 235 -13.9 126+2 128+2
CSA 50 12 248 ~-145 128+4 12945

“YFrEFA}
N:AY A%
CSA:cyclosporine A

B 2. Cyclosporine A R0{¥ HEAAA} HY I3
OlElH &X2| v|m

Group N Blood Urea  Serum Creatinine
Nitrogen (mg/dl) (mg/dl)
Saline 10 16.3+3.1* 0.39+0.06
Cremophor 17 17.3+0.8 0.41+0.02
CSA 15 7 28.4+5.5* 0.47 £0.08*
CSA 30 20 29.6+2.0* 0.551+0.11*
CSA 50 9 35.5+5.9* 0.53 £0.04*

I HFLEFA

* . p<0.05(cremophor F-o47F3 vas & 73%)
N:AY 9%

CSA:cyclosporine A

o]g2ke] A% norepinephrine(10'M) o2 s
g Ao 750 oY HEL(%)EAN FF L RF
232 el o™, norepinephrineel] 2)§ ¥ £3
2 o] ¥} norepinephrine(10*M) o 2 5= &
T F5Yo] Y WEE2 Jehlgich. AF79) 3}
o] Student t-test® §-2JA4& AAIFGT pgrel
0.05 ¢]3}A] foj¥ Aoz FHFsgict.

& o
1. Cyclosporine A J0] 50| M5 X et HE

Cyclosporine A F-oi7} 2] Mzl vzl
g#kg PaAg ZAs 2] A 942} cremophor F-ofF
A FodRe) vl Fof 74 F AFo] &2} 8.0%
s} 7.5% Z718 Wk cyclosporine A ool A&
15mg/kgZoNA  10.7%, 30mg/kgZelA 13.9%,
50mg/kgol 4l 14.5% 9 M7 AUG(F 1)

T57] & ZE FolA oE Fo Aol uldte] <
E 5o 28 F Az gesle Aol g
Y3 cyclosporine A€ s=+ 15mg/kgF ol A
5,383 £2,033ng/ml, 30mg/kgFel4l 7,135+556ng
/ml, 50mg/kgoll 4 9,962+1,999ng/ml2 Fo
S-eko] Zs184E specific type?] ¥3 cyclosporine
A9 Fxrt F7HEE e Belo) e 54
3l ol et

2, Cyclosporine A %0{ %°| HZE QA a9}
3 3 olelHd s s

3 84344 5= A9 Alg$¢) cremophor
EojZo) e 22 16.3+3.1, 17.3+0.8me/dIZ ¥)
%%k gAHE ELAAE, cyclosporine A 15mg/keg,
30mg/kg, 50mg/kg FoAFlAe 2 28.415.5,
29.6+2.0, 35.5+5.9mg/dl2 cremophor FoiFof
v FAHo2 2l F7EN e (p<0.05, 3
2) cyclosporine A §of f3Fc] F7}3te) w2} S}

£ F4elgler} cyclosporine A FoF Alolejli=
FARAcE g3l Aol AUt A AFolE
d %% Ae] 4g42} cremophor FodFol 4 2}
7z} 0.39+0.06, 0.41 +£0.02mg/dlE B]£%F 9fAS- 1}
ey &gk, cyclosporine A 15mg/kg, 30mg/kg,
50mg/kg F-odFoiAe 2tz 0.47+0.8, 0.55+0.11,
0.5310.04mg/dl= cremophor §o3F¢)] v|s) A4
o2 oolA F7HEslem(p<0.05) cyclosporine
A 5o ggko] 7136l we} FrkEe Fdeldey
FAgA 2 2l Aol o)

3. Cyclosporine A7} Wi 2|&X ojglol ojX|
E 9%

Acetylcholineoll 2j§ Wiz} 2]&A oste] wish=
29 29} 30 el ule} 3k 1§ 2% cremo-
phor2} cyclosporine A(30mg/kg)& $g 339
o M7} A5 o) 592H-E norepinephrine(10~
M)og %8¢ fE8ly, 2 5 Adrt HYdd =
24t & acetylcholineg #7}sled Ao WE 3}
A% AgHQl 7)1¥ o2 acetylcholine?] ¥ =& 10-°
Mej4d  10°M71A]  HAlHe 2 FAge) uie
cremophor#} cyclosporine A(30mg/kg)E F%
A2 -4 2FolM Sx JEHo 2 Yio] o]
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A. CREMOPHOR

ACh

A
NE

& 2 Cremophor®} cyclosporine A $¢JA] acetyl-
cholines] o W] sl=4 olgte] YA
71%. 23 A cremophor, 23 B cyclo-
sporine A(30mg/kg)E 7z} 747t FoI8 3
7o vE9%e norepinehprine(NE 107M,
A)o B ¥l 5L §5F F acetylcholine
(ACh, A)s=7} 22 10°M¥E 10*M7}7]
Hc® Mo Hrslsld 7z}t acetylcholine
F2ol Qg W3 4EA4 ojehg A HYA
gl 7]&29). NE: norepinehrine, ACh: acetyl-
choline, CSA: cyclosporine A

5%l e} cyclosporine AE Tk #39] 5
Foll A= cremophorg Fogk 3] di5dstel] ¥
3 olstEl:= ARy} FElo] AAEUt. 1Y 3L &
o) ol AxE zhHE vingt FAAE Y] A9
g 7977 cremophor FoF7 el 2j2de 2ol
7} ¢lsler), cremophor o7} cyclosporine A
E oS vl@lgle woll= cyclosporine A 15mg/
kg, 30mg/kg, 50mg/kg FoF RN 2)LglA
2 o)gte] A=}, =, acetylcholine(10"M)e}}
ot " olke AHxrl Ay Ade FoEd
cremophor F-ofol| A ztz} 62.7+3.2%, 59.6+4.5
%2 Jebt=dl welA cyclosporine A FofFoll 4
= z}z} 29.3+7.2%(15mg/kg), 32.2+4.8% (30mg
/kg), 36.0+6.7%(50mg/kg)2 v}el} acetylcho-
lineo)] 2J% Wj=] &4 oiste] A7} FaisticH(p
<0.05). 22} cyclosporine A FoF el F7
o2 gl Aol YUY 3-A). ubHd
WaHZ7F AAY d5dfMe g Ade F

7, cremophor o, cyclosporine A(30mg/kg)

o BF acetylcholineell 23 &y o)slo] A3
doux] gstom w3t AF Alolel] 9ol zlolE
Holx] kbt (2 3-B).

4. Indomethacin X X| AEjr| Acetylcholine
off /Bt Hat o] uis}

Cyclosporine A §4A] A=Y W] 2)&4 o]
gto] cyclosporine Aol € cyclooxygenase thA}
AHE-2] d#4q! prostaglandin H, & thromboxane
A9} 32 EDCF 7l &3t QA E Yolrr] )
3}e] cyclosporine A(30mg/kg)E T4 39 W
HAE7} 2A8= EYFol4 indomethacin(10
M)& A =)517) A3} £ 2 acetylcholined] ¢ ¥
T ol HuF M2 wmsiged 2 Aot 219
4o} Yehd uie} ). Cyclosporine A Fod7-al 7
4 indomethacin© & A X|§F &34 A 2)3}=] 4o
o E5 cremophor Fofitell H])s}A]= acetylcholine
of 23t W} ogke] AHxr) 2UA HA= e}
indomethacine & HX g #3} A== e F
Aolell4{E= acetylcholine?] ¥%>} 10°M B 10°
M7z F715tel] @2 d3 o)t AxelE HME 29
AdE= 27t fidet. 2559 acetylcholine(10*M)
A% Hd o)et A indomethacin A= el
£ 79.8+6.0%, AAA Fell= 81.8£4.7% =2 2]
Qe Zel7t glolx W &4 o]gk Hel7l cyclo-
oxygenase YA} AHE-2] <¢l£4ql thromboxane A, &
£ prostaglandin H, 44 &7}l 23 o] opd&
AAFa et

5. Superoxide Dismutase HX{X| AEHA| Ace-
tylcholineol| |8t S ol i}

Cyclosporine A Fo§4] JAFHAA o] 224 o]
o] cyclosporine Aol 2J§k HAbsHE Fol 3} ZHe
EDCFZ7}ell 93 AUAR S dolr 7| $stod cyclo-
sporine A(30mg/kg)E Figr IFY HajAxs)
ZA)8H= di5 Yo 4] superoxide aniong] XA =)
(scavenger)® <t#{3l superoxide dismutase(60u/
ml)E A} x)8}17] A7} F2 acetylcholineol] &% &
T oo ARE A2 v)as £ A 29 5ol o}
epd uke} et Cyclosporine A FoJ#3l A$ su-
peroxide dismutase 2 A 2§ #3 A x|s}A] ¢
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EC(+)

>
-
N
(=]
1

-

o

(-]
T

a CSA 1S mg/kg (n=12)
® CSA 30 mg/kg (a=14)
o CSA 56 mg/kg (0=19)
a Normal saline (8= 23)
4 Cremophor (a= 25)

-3
o
T

-]
o
T

Relaxation, percent of the
contraction to norepinephrine

o
o
~ F
L)
o
P -

Acetylcholine, —log[M]

B 120 EC(—)
-]
3
< &
E < 1Mo
g8
2
a8 e
o 100
o
28 o CSA W kg (o= 5)
E § o Normal saline (n= €}
5 8%0- & Cremophor (= 4)
-~
8
o
o 1 1 1 1 1 1
9 8 7 [ 5 4

Acetylcholine, —log[M]

78 3. Cyclosporine A7} acetylcholinesl] 2]%F W3] 2]&A4) ojghel] v)x):= o3 23] Ax UIAHE Ex4], 29
B UlHHIX A]7]A] acetylcholinesl] 21§k o] &&4 olghe] AnlE A 44 F-oJF, cremophor Fo
#, 15mg/kg, 30mg/kg, 50mg/kg cyclosporine A F-oJFH2 vjehd 4. ¥ olske] AXE norepi-
nephrine(107M) 0.2 2= Y3 5530 thet Z acetylcholines = wj2] #5242 WE-8(%)E AT
+ #3932 Jepdlon], nd& AY d45E R Y.
*:p<0.05(cremophor $173} u)w3tel A$-), EC: endothelial cell, CSA: cyclosporine A

- EC(+)

-
N
-]

-

-3

]
T

A CSA 30 mg/kg (n=10)

© CSA 30 mg/kg + Indo(16* M) (n=10)
& Cremophor {(n=25)

Relaxation, percent of the
contraction to norepinephrine
o
]

T

9 8 7 6 5 4
Acetylcholine, —tog[M]

38l 4 Indomethacin A%} A&+l cyclosporine A7}
acetylcholined] 2]g &3 <]j¢h3d n|XE= o
3, Cyclosporine A( 30mg/kg)E 5% =
oA WM Z7t EAfshe d5dgHE acetyl
choline2 %98} o]|gs)l= w9} indometh-
acin(10°M) £ 30%-7F AAx|q % indometha-
cin(10°M) )3}l acetylcholineol] 2J3 &
F olgke] HxE A2 wmE A<l ¥H
o]¢te] AT norepinephrine(107°M) 2.8 H
W= ¥y 5330 dig 2z acetylcholine &
% o) 5] WEE(%)=2 HF L HTL
A2 Jeblen, ne AY o458 FAR

EC: endothelial cell, CSA: cyclosporine A,
Indo : indomethacin

£ F %% cremophor Fool| u]#| A& acetylcho-
linesl] 2k VA o]2te] Ay} 22glA JAFHUL
1} superoxide dismustase® FAx|§ F3} A3}

A} ef& F Alelol A= acetylcholined) %7} 10°M
B 10°M7R| 715kl wE 83 olst AR: A
2 993l ztel7} glo] WH &4 ol Holiz} 3}
AsHE gol&ol A4 Frlell 2’k Ao] ohdg A4
sttt

6. Endothelin Receptor A &M &XX| el
Al Acetylcholineol| 2|8t @t 0|2t pis}

Cyclosporine A §o34| A=A o] &4 o]
g2to] cyclosporine Ad 2|§ endothelind®} #Z&
EDCFZ7}ell 2|§ 71 QA1 E dolr 7] $48te cyclo-
sporine A(30mg/kg)E Foidt e WM Zs}
2z fEA§o 4] endothelin receptor A ZgA|
(10'M)E A =3}7} A} FE acetylcholine] 2}
g Y ok AEE MR njasiE A}e 219 6
o] vJehd uie} 7l Cyclosporine A Fo#el 74
endothelin receptor A ZFAZ HAA2IF F3 HA
2842 ¥ T B5F cremophor FoiFe] vlaiAe
acetylcholineol] 2J3 ¥ o]ste] A=} 22IA
A4 5)¢l2 1} endothelin receptor A Z&AZ AX X
& 23 AR o4& F AbelellA= acetylcho-
line®] %7} 10°MEE 10*M7=] 715t o8&
g3 ol AxE A2 g99le Aolrt flof Wiy 2
F4 o]k Aoll7} endothelin &} B4 F7tel 23 R o]
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4 CSA 30 mg/kg (n=7)

© CSA 30 mg/kg + SOD{60 w/mi) (n=7)
& Cremophor (n=25)

Relaxation, percent of the
contraction to norcpinephrine

9 8 7 6 5 a
Acetylcholine, —log[M]

12l 5. Superoxide dismutase &% At A cyclo-
sporine A7} acetylcholineol] 2§ €% o|ghg]
o) o}x)= 38, Cyclosporine A(30mg/kg)E
5Foigh F A WA R} EAshe 4%
£ acetylcholineg $o3lo] ojgtx)= AHxe}
superoxide dismutase(60u/ml)E 1087 A
238} % superoxide dismutase{80u/ml) &
a3}el acetylcholineol 2|3 ik o|te] Ax
€ A2 vlzsE A, ¥F ojshe ARE
norepinephrine(10"M) o2 f¥=5= 3 4
Z8o)| thg 7t acetylcholine %= w2 453
o WMEE(%)E JF+LBIFAE el
™, ng A¥ 95E AT
EC: endothelial cell, CSA: cyclosporine A,
SOD: superoxide dismutase

obd g Alxks}sirh.

7. L-Arginine MXX| &efA| Acetylcholineoi|
o8t HH oY pist

Cyclosporine A FoJA] QA= 3] 2JEA o]
gko] cyclosporine Aol ]3¢ EDRF & NO<9 4
Zatel] 23 AR E YolR 7] ¢Jd}ed cyclosporine
A(30mg/kg) & Foig I HIAHEI} ENd=
HEHFE acetylcholined Foiste] olgtsle A=
2} NO#2} 7)&(substrate) 2 «#% L-arginine(100
pM)& A XA F acetylcholines]] < ¥t o]
go) ATRE A2 vuaP Ade 2y 7o) vied
nle} zr}. Cyclosporine A& %ok #$ L-argi-
nine ¢ 2 A %3}714 acetylcholineg] &%} 107,
10, 107, 10, 105, 10"*M7}=] Z7}hkel wte =)
ojEA o]k 77} 0, 0, 14.6+3.9, 51.4+5.4, 63.7
+4.2, 73.8+4.5% 9ld] ¥|3td L-argininec & A
A& Foll= 74zt 0.84+0.4, 51+1.3, 32.2+5.1, 64.
2+4.0, 79.8+29, 83.3+34% 2 EAHE 92]9]
= atol= o gdA|ul 116 RFoll4] UdEHo 2 3

-
N
[

1

EC(+)

A CSA 30 mg/kg(n=11)
® CSA 30 mg/kg + ERB(I0" M) (n=11)
A Cremophor (n=25)

-

-3

o
}]

8 8
T T

Relaxation, percent of the
3
T

contraction to norepinephrine

N
-]
T

L

|

9 B 7 6 5 4
Acetylcholine, —[log M}

3@ 6 Endothelin receptor A blocker(ERB) #3]3)
A el A} cyclosporine A7} acetylcholineol] 2J%h
"3} o|sizlol mxl= 8. Cyclosporine A
(30mg/kg) & F% A HaHEsl &
st fEAF-E acetylcholine g Foj3le] o]
2tEl= Ax 9l endothelin receptor A blocker
(10°M) =A43}e] acetylcholinedl] 2§ dx
oj2te] HrE AME nimslE Zzpql. Yt olst
2] Axl= norepinephrine(10'M) 2.2 345
= #H3 $5"Ho g zb acetylcholine ¥ %
o] £z HEE(%)E HFLEFeAE
veldled, ne A HA5TE EAF.

EC: endothelial cell, CSA: cyclosporine A,
ERB: endothelin recepotor A blocker

BEE oA FaEdo (28 7-A). ol2igt L-ar-
ginine?) Az 77} cyclosporine A o Fof A=t
vehe S48 F4AAE ol 7] 5t cremo-
phor FojFo4] L-argininec 2 Az Az} 39
acetylcholineol] 2J§t Wja] oJ&A4 ojehg XM= nlw
gF A3} L-argininee ® HAX*)5}7] A acetylcholine
8 5 & 10% 10% 107, 10°% 105 10*M7=x] ¥
ojgtoll wjel ¥t o|¢e] A=+ zbzh 9.3+1.5, 194
+2.8, 67.1+7.4, 87.5+3.8, 95.4+15, 954+1.5
% o]¢] o™ L-arginineo & A A Foll= 2tz 7.5
+1.7, 21.9+4.0, 61.5£5.3, 86.1+2.3, 92.4+2.3,
96.7+1.7% 2 ¥t o]l o7} glAch(2H 7-
B). w}etA] L-arginine] A2 * &37} cyclospo-
rine A FojFojMt el E53 UL ¢
At

8. Cyclosporine A7} LHI| H|9|EHN o|Rlof 0|
e A

o525k 4] 2] sodium nitroprussides} 2|%F uj=]
uj2jEA] o] A2 Agd4 F-oFe]t cremophor
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—%eh 4 9} 64l : Cyclosporine A7} 3 W5 o v)x]& 38—

A or EC(+)
o.g . »
£ 5 100}
% & 4 CSA 30 mg/kg(a=11)
5}
% & L ©® CSA M mg/kg + L-arginine
§§ 80 (160 kM) (0= 11)
g8 A Cremophor (n= 6)
il :
-.5.5
e
a3 A0
E &
g
2

9 8 7 6 5 4
Acetylcholine, —log[M})

w

EC(+)

120{»

%)
2E 100
-
s &
- £ 80
B E' 4 Cremophor (o= 6)
§_ g © Cremophor + Learginine (100 aM)
Lo eof (0= 6)
Eg
= 8
ST aeof
=g
Q@
2
< 20

Acetyicholine, —~log[M]

3@ 7. L-Arginine H3 | AejA] cyclosporine A7} acetylcholinesl] oj3F 8¢ olstaie] vzl o5, 2Y A=
cyclosporine A(30mg/kg)E Foi§t #4, 23 B cremophor® Foigt fajolAf 2z} uisiM 27t 205
£ WEHBE acetylcholined Fojste ojhE: HE 9l L-arginine(100 2 M)2 3087 AN & -
arginine(100 2 M) EAlsle] acetylcholineds] 9§ ik o|ghe] HE & MZ v|wHE ZAxq). P olge]
A %3= norepinephrine(10'M) 2.2 45 % 42 g 7 acetylcholine’s % w9 Sx2eje] wu
E(%)2 FF L+ EBFEAL Vel on, n& AY 498 FAG
*:p<0.05(cremophor F-¢i7%} v] 235198 7$), EC: endothelial cell, CSA: cyclosporine A

A 120 B 120

. EC(+) . EC(—-)
-] . 2

= 100} - :
23 22
- s by
=8 g0l = £ sof
53‘ .:sn:‘:llm- ;)2) E% 80 o CSA 3 mg/xg (n=6)
=|°- o Norm: ne (o 2’5 o Normal ssline (n=7)
n,; 60 - & Cremophor (n=13) - ; 8ol a Cremophor (n= 4)
g )
28 o} 28 aof
2% 2%
i3 $F
28 2o %g 2o

8 8

o X

9 8 7 8 1
Nitroprusside, ~log{M]

° 1 L "1
9 8 7 6 5

Nitroprusside, —log[M]

38l 8 Cyclosporine A7} nitroprussides] 2§t Wu] vjejEA ojghe] vl o3 23 Ak ¥ WIAZ &)
4, B ¥ WAME AAA] nitroprussides] 2§ vim) w|2EA olste] AT Ae) APS BAF,
cremophor 43, cyclosporine A(30mg/kg) FHTFHR vjeld A ql. ¥ ¢|¢k2] A= norepinephrine
(10'M) o2 8= 8 5o di¥ 7 nitroprussides= wo) 229 WP (%)2 HYFLEFQL

A2 velfon, ne AY H4E FAIR

*:p<0.05(cremophor Fo{73} 1|75 432 7%), EC: endothelial cell, CSA: cyclosporine A

FoJFol ulsf cyclosporine A(30mg/kg) F-Fol
A fojEA QAU (2F 8). F, HHATs} &
3= 29 10°% 10%, 10'M sodium nitroprusside
o 2%k ¥ o)9L cremophor Tl 4] 7z}t 15.
6+24, 62.6 5.7, 93.0+2.8% 2ld w3t cyclo-
sporine A FodellA= ztz} 2.7+£1.2, 15.2+2.3,

81.7 £ 3.6% 2 cyclosporine A ¥oFo| 4] cremo-
phor Fodgtell uls) g o]t A7} 2eglA oA
A} (p<0.05). 2z} 103 10°M e 3Em
NME 2u|eles Aeld Rolx] st (¥ 8-A).
olgigh e WHAAZS AAY EHFAHE v
%38l =dl 10, 10%, 10"M sodium nitroprussidesi]
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7d
: EC(+) E B a0p EC(-)

- ; 100 |-
|
- g eof
H
& CSA 30 mg/kg (n=16) hﬂ el
© Normal saline {a=17) 8 & CSA 30 mp/kg (0= 9)
R 4 Cremophor (o= 6) E © © Normal saline (n= 6)
8 F A Cremophor (a= 4)
Ty
I~ & 20
:7 B . A L. - ° 4: & L 1 [l 1
9 8 7 6 5 4 9 8 7 8 - 4
Norepinephrine, —log[M] Norepinephrine, ~log{M]
14 days
EC(+), EC(-)
!‘ 120
u ;; 100}
k1
2
I T eof
«
L © CSA 30 mg/kg (0= &
© Normal sallne (n= 4) 8 8o ® CSA 30 mg/kg (n= 5)
R a Cremophor (n=3) B & Normal saline (o= 4)
§ 0 & Cremophor (a=3)
&
- 20
- & L s 4 1 o o 4 L L n L
9 8 7 [} 5 4 9 8 7 6 5 4
Norepinephrine, —log[M] Norepiuephrine, ~log{M]

38 8 Cyclosporine A7} norepinephrines] 28 ¥¥ FJYT $2q) )= o, Acke] Fre age

cyclosporine A(30mg/kg)& 7%t F3 ANA WA 27} 2AHH=(A) == AALY(B) 5wl g2
Astold], 3jeke] £7)9) 2L cyclosporine A(30mg/kg) & 147 Sojat 3ol 4) W27} Eashe
(C) == AAR(D) disdae] A%2 dEyae] PP 3y Wsls ¥y 95ty norepinephrine-§-
10°M*7 10M7HA] =% Pldor Hrlste] A £33 2+ 292 v|wg 279, vzt 539
A X+ norepinephrine(10*M) 0.2 $a=s €y S34 aigt 7z} norepinephrine $-% we] $223e) w
E8(%)2 3+ 3T 932 Vel llon, ne AY 948 A3

EC: endothelial cell, CSA : cyclosporine A

o3 Y o]gke cremophor FojTol4] z}z} 18.4

£6.0, 67.9+5.4, 98.0+1.2% 14| )8 cyclospo-
rine A F-odFolx= ztzt 3.4+1.9, 19.3+6.5, 69.6

9. Cyclosporine A7} Norepinephrineol| 2|8t
Y B2 &Y njx= 9%

14.5% & cyclosporine A Fo§Fo)| 4| cremophor & Cyclosporine A 9§} norepinephrinesl] 2Jg ¥
ofZel wls] 7o) Frox R ojgk Hrr) ofg) T HYT 599 wEE v 3 WyaEs}

A AA =9} (p<0.05) (2% 8-B).

EAsh: 4%t AR HE-Afe) norepineph-
rine?] ¥%E 10°M¥-8 10*°M7}A] Hx2 gx140
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3@l 10. Cremophor$} cyclosporine AE 747 Foigk 19| AlFl9] 3% Hu)A

47, 1§ A& cremophor, 2§ B cyclo-sporine A(30mg/kg)E $i%t
7442 cyclosporine AE Fo% Al ¥ Wy tlre] PFHAE(A)
Fol ¥FFR glod =EA WoHEs}t Ao R vlelgl Fo] #A
¥.(H-E g4, 23 Ax1,000, 23 Bx400).

2 Y7hele 83 $5¥E 2 FE2 vag As
cyclosporine A(30mg/kg)E 747}t S48 WHME
7t EA5hs de g A Ads FoAFold}
cremophor §-oi-ef ulsl) Ao gl o]
E BelA stom(ay 9-A), WdMET} AR
HERRAMT 2l2gle ol (s 9-B).
Cyclosporine AE 1447k 5o F U3 4¥s A
Alg Azt WeiMErl E3hs dEg#elie 107
M norepinephrinesl} 4] cremophor, cyclosporine A
EoqFolA ztz}t 61.8+6.4, 60.0+6.8% ¢ Y3 =
g etlie] AR 2JoglE Aol RolA &
sem(2d 9-0), =3 WA Z7 AAR ds4%
o A% 10°M norepinephrines] 2j§F ¥y 22 o)
cremophor, cyclosporine A §odtollA Z}z} 66.6+
12.7, 52.9+7.0% 2 veht oj2gde ztol7} §ixlch
(29 9-D).

10. Cyclosporine Aol (2t ©# WHujM=el &
B YaTo| ey wat

%8 ¥v)7 A4} cremophord 77t T &

o) AgHoht chze| WAz} HET e
22l Wil ol 4 gigler) cyclosporine
A(30mg/kg)E 7U7 Foi¥t AlFHe] dRME
W 22 7|Auto 2 8-g utejel § YFA Lo
3 W sk AS AL 5 Uslen(ad
10), dHEHelAes A2 YIdZs} gy »
oo 22} W3} 9l ANFXAUA F-¥(cytoplasmic vacu-
ole)7} FAFUTH R 11). i) B FET9
YefjstA gl Aol= B A Wsivh. AA ¥olP A
AMd cremophor F-o{7el| A= Al oz ¥
WA 27 w5 AGY wokg ¢ Y™ 43
»olw ¢lgdevi (2§ 12) cyclosporine A S
5 Yol e WM E W AZ3A FEe} phago-
lysosome®] £85ol Falo] FAFHNUR(2Y 13),
WA 29 7)Aute 2R e 9] wtej(1y 14-A)E
FEA. Ao WHAEES] Rore] A
A iy Eoko 2 W zlo] FAEHAH (1Y 14
-B). ¥4, ¥3} YT M E+= cremophor FoF3}
vl & o 2 Es) gisich
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.

Jg 1. Cremophor#} cyclosporine AE 747}

e

St U] HEAe) F¢ o)A

27, 29 A+ cremophor, 13 B¥E cyclo-sporine A(30mg/kg)& So9¢t
7342 cremophorg 4% el diFde WnAE mofe] HPY w
% 33 U+ ¥ cyclosporine AE Fo3 o] FAdME =4
X5 Roko] Yo Hon AR MEAN T} fF2.
(H-E 94, 2§ Ax1,000, 2§ Bx400).

i a

Cyclosporine A7} 73 Q)= o}2 dWodA e} =
E§ Aol cyclosporine A7} Huh-g-o Feidh=
A X MEFA AFE e Ao] ohe}t AE
AFE9] HAE ARt 2H IxF dgubs-g A
A= 7158 22 doks Ao} &, cyclosporine
A 2 T BZAXZRH lymphokine($ £ inter-
leukin-2) 2] A& AAgo 24 T Axe B HE
o] Asrel oy A5g A Ao, ofzidt
A A el A4 F94E 23 ¢+ cyclosporine A
£ ARE vRg 2HE A o)A F Fag 4994
AR Jatelld &3 AMFT glow =g FHITde
cyclosporine A7} £x9td, A1y G, Folga
4 #dq, g 54 A, A4 2En AF
F5 2 AfoME Al BEH XFFA
Z AT ¢Job®, 38} cyclosporine Adll 2%
o272 F-Ag o2 Qldle] kR Algel] glo] Aglo]

H2 gler 2 F 714 83 Zlo] AEAs) n¥Y
o} ofa] AEAT} ¥t WejPEy By
71Ael dsiM = FE8g AHde] gic) gdely v o
T-oll 4= cyclosporine A7} ¥ ¥h-Eof pjA|e= o
3} ohge] 2 71AE dolrun} st

£ 489 A3}, cyclosporine AL 83 4HeE 9
"AY WiE xYs=d] $2 acetylcholines] ¢j¢
W] o]EA o|4t3} nitroprussidec] 2J¥ Wu] u)e]
£A4) o]9+& oA 2)7)= ¥t norepinephrines)] 2J%}
3 5ol %] s}

Cyclosporine A& Foi3t AY FEolA acetyl
cholinesl] 2j§t W] 2|4 olgke] Aslge e o
FAE A& Basgon) 2 71Ae gAsA
B.2.5.%)  Cyclosporine Aol €JgF W9 <}&A o)t
o2} dqle] cyclosporine A7} F#g AR 7=
prostaglandin & prostacyclin(PGL) 2] 448 oA
pALp0 B0 AEF PP 42A] thromboxane
A, £¢& prostaglandin H, &} 42 &711A]|7] o Z 442
20 S EchE 4F 3E o Z& FRAF=
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—gth4] 9] 69 : Cyclosporine A7} @ W3 o v 33—

I8 12 Cremophor & 747 $o€ WA A4z 5o sALe) A} Wrl7
27, 29 Ax A%, 2% B di59e] YIAHE(EC) 2408 25 A
HE voke T AAAH WM E 479). EC: endothelial cell, L lumen,
EL: elastic lamina( 1% A x6,240, -1¥ Bx 14,240).

prostaglandin#} ¢} 3 ¥j) H3}E fistod i WS
9] HEE e 2aEe] o, ¥ A
A= cyclooxygenase HA|A el indomethacin® &
cyclosporine AS §i¥ A9 dFATHL HFA
3 Fo= dA4=l" acetylcholines)] 213 o] 2
E4 o)sto] B -5 oo} thromboxane A, prosta-
glandin H, ¢} A4 Z7}el 2§ 7o obdg A|A3H4
t}. ol2j§ 4J3-& cyclosporine A(30mg/kg/day)E
5U7F Foigt Ao jFAHE o] 83t e A
e 248 AHox E 479 A AYE @
Bossaller§#¢] A3z}, =3 E7]9] AHe FF Al
(isolated perfused kidney)oll4} cyclosporine A9
Q&g FFUE F4ste] L3 Monacos®’ 8 A
Az YA, =3 AR o)A e AlglA
thromboxane synthase JAAE 747} FA9% + 5
o Az} Fo A7)l xolE BolA] Wol cyclo-
sporine Ael ¢t 417152 &Aool thromboxanee]
ojgt 7] obde AJAgE Weirg® o] Buste {4}
&t}

%9, xanthine/xanthine oxidases} Z+& }4H5HE
A4 A% (superoxide radical generating system) il
¢J&t EDRF & NOr} 34-3] 535 32% superoxide

dismutasex FAHEHE Fole] 23 NO9 A3 &
WA ¢ Qcke %3 2EY2HEEF E740A
9} acetylcholinesl] 2J§t W= &j&4] o)g Aelle] o
B AR ol A4 F7e 4% Zelee
¥u®E 22 3o superoxide dismutase(60u/
ml)E 1027 AAXA)7]7] AFE acetylcholinesi]
2§ ¥33 ojske] AxFE AME wlwsjE A7 YH o]
& Axdde Aeolrt it olEl@ 4AL cyclo-
sporine A $2 A% acetylcholined] 2% ]
2)&A] o|ske EDCF9 dFo2 o423 HisE &
o] &2 A4 Frlel 2% AL ohdE ArlEhe Ao
2 AuHEc.

Kon%%-& cyclosporine A7} fd4 AEx9)
53 AFAE] Vs olE dedle T1AE
cyclosporine A7} WA Z2 e} EDCFe] dFo)y
7333 €3 542 423 endotheling] #2& F
7HAA Edcks Rysigles, =3 Fogos®™&
F )4 endothelin receptor AFAHE vle] FA%
F cyclosporine A& F 392 wd+& cyclospo
rine Aol 9§ AL7A 9 A5 (hypoperfusion) &
duig 4 vk B8t cyclosporine Ad) g
AEH 22 7]Ae] endothelinoll 2 HdE A4}
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7. 23 A9 B =¥ cyclosporine A(30mg/kg)E FoI3 x99 o5
WHHE 27082 3§ AdAs USAZ(EC)H ke AzAY T
(V)7} 335 23 BellAs AEAAY FE(V)9} 7 phagolysosome
(P) o] #3335, EC:endothelial cell, V: cytoplasmic vacuole, P: phagoly-
sosome, L lumen (2.3 A x 18,000, 2§ Bx33,600).

g0} ¥ d7o)4= endothelin receptor A A
A (10™M)E 4027 AAAA]17]7] AFE acetylcho-
lineo} °J3t ¥ o|2ke] AEE A2 wmHE A
q# ol AxoE X)o7} ¢lo] cyclosporine Aol
°)3 A¥PH $59 7]*e] endotheline]] 27k Ze]
old Ao &} o] FAE FF AP e 2
25l Jd7siE der) dokn A2E.

2t} cyclosporine A $o§x] AAAFRE ace
tylcholineol] 2J§F W] £]&A] o]glo] indomethacin
oJi} superoxide dismutase A=) Folx W37} ¢l
9 ubd NO9) 7142 ¢#A L-arginineo2 X
& Foll= cremophor FHFIHe @8 HEEH F
Ale Heol= 7o 2 ulFo] cyclosporine A7} acetyl-
cholineel] 2J3k j3] 2)EA o]$hg AAAI= 7]A
o] WHMENNA S L-arginineo %€ EDRF<)
NO9) QA ANE 2HHe Aoz F53
t}. NOE WA ZA A 72ET 88 o)A
q FAle] ¥awe 75¢ dAske EHE 43A
gl o mj¥"8® |, arginine?] guanidino nitrogen 24
&} 4445 o] soluble guanylate cyclase® &43}s}s
43 FIWe] -GMPE F7HAF]o2d AF ¥
P o|ghg g}, welA cyclosporine A7} ace-

tylcholineel] &8k Wl=] 9)&A o|ghg dAsh= 71A
2 cyclosporine A7} WM EY A4 715d L-ar-
ginine2 72 A1} -2 L-arginine?] wiAjel] 3#
oJ3}= NO synthased] B4=F ZHaAA TAHNA
2 Holgk= 7HdE AAE § vk 28y L-argi-
nine A% ¥ acetylcholines} 2)§ W3 &4 o]
o] A3 HEER = de Hog vjFfojHo} o]y
& 71A Bt ope} = o} E |He| EAFAY 2L
) o&A olstel Fidte 7)AH F UF-E& olv v
1A ql &4 wigke Ao 2 £28 4 gju}. dle
A} %% L-argininec 2%& NOIA HAE %
cyclosporine Aol 2l5le o]2H e J&L v]A] $
JE HAE F, WANE] L-arginine®] F5, NO
synthase8] #4x, NADPH4 Ca*"-calmodulin
complex®} & cofactorg4 7144, NO 43§
guanylate cyclase2 H4sh= 33, NOS i} =44
of g 77} e ¥ Ao AEdr)

%3 cremophor F«JZo)| 4= cyclosporine A F
oZ%e th2A L-argininee 2 AxAso % ace-
tylcholineol] oJ% Wiz] &&A o]gtell: WSS Mo
7] el o|AL A BFe} E7le] E g3} A
8 P AFE o}E BHaS3) YXFHAS™ o]yt
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28 14 Cyclosporine A8 747t 348 879 dFdz A5 Yo xe A @
o] £7. 19 As} B: 25 cyclosporine A(30mg/kg) & ot A$2
a2y Ax 339 diEs WAz 2702 YWAHEZ(EC)7} elastic lamina
(EL)2% g ule]sle Aol #Hw low, 2§ Be AlswHe A4z
A7 2 WHAHE Roko] gutgo g wFl Ao} #AY. EC: endothelial
cell, L: lumen, EL: elastic lamina( 2% A x12,000, 28 Bx15,000).

342 cremophorg Foi§t 7Afol= AW FHA
8} zo] W AME Wl NOE ¥¥As=d Wag en
dogenous L-arginine?] ko] ¥slc}= 728 kA8t
o ate}A 2jfejA} L-arginines ¥oj3trizie Wy
2JEA olgte] Y-8 Frlsleleln AAEtvle PET)

o]2}zto] cyclosporine A7t F3h) WAl 2o o
T vjFPesd UHNEZaRe 3 g
EDRF9] 44 E& f-ulo] AhE 2T Jolet=
F4-L thE ATFAEE AR v 2o cyclo-
sporine Ag 5o @3¢ o4 o]l L-
arginine $o| F ol acetylcholinedl 2% s 2=
4 olgte] FB-F = 71§ B wate] cyclosporine A9
24 71de 8 NO9 44 Aol 7lFeAde AdHoR
AR e £ Agel Ageldk. Dinh Xuand™
2] BadAe WHAE YA =D flEe F
/% €9 A2 A PGLE NO 2712 714§ F
=73} cyclosporine A o7& ®5 prostaglan-
din¢} $4<& A 27+ indomethacine 2 A X]§
F acetylcholineol 2J3 vj=] o]&4 oL FAF
A} cyclosporine A FodF-oAut Ju] 2]&A] o]gk
9] Aoz} Y= 7L A= dod cyclosporine

A7} WA EWelA PGLY A4 £ #2lE dA
A1l Ze] obet NO2J #e]8 JAAHE Holgln
224 WHA} cyclosporine Aol ¢}& PGL7} 744
i PGLe QAL oAslE indomethacino 2
AMAEAE 2 238 4 F Slok= "elMq PGl
A4 Azt elvel NOS A4 Astele A3E +=
7)ol AE5Ho| F-Fsjtt. =¥ Takenaka$™® =
cyclosporine A7} NO<9| QA& #H4A7E Holeln
FE3gded, M9 +AAF 944 AT A
o)A L-argininee 2 HE] NO 34 "ag NO
synthase® ZAHoF JAsl= nitro-L-arginine
5o F acetylcholined] ¢J3t @ ojste] A=
o ZRE acetylcholines)] 2%t AL7A AE2] o]
e NOo 2§ He=2 4usgiAut, o|RL ace
tylcholineo] 21§} <] o]k Hx5} cyclosporine
A FoFol WixFel vld] JAEE AL AR
g A ahgelste A =3 dR2FHdME
cyclosporine A oo 42} o] nitro-L~arginine
5o Folli= A Y o)ste] doju}A] %o} nitro-L
-arginine?] Fof Foli= Aol RolA odstrhs
AE o 2 nlFo] cyclosporine Aol 23 i olgte]
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Aolj7} NO2} 7haell 9Jitchs 2& 37l P&
o},

B AlFo)Al= sodium nitroprussidee] 2]& ¥
u]9]& A o]gte] cyclosporine A FoJFel4} cremo-
phor F-oiFol vl&) 2j2)glA AU ol A
FHe= E79] dF49E o]4% HuangF? 9] ¥
379 q5AE ©]83 Regos ' o] Eus} U3}
L 7lo|c}. Sodium nitroprussides} 7 ¥ o)gk

Ao izl ¥F PB4 soluble guanylate cycla-

seol] o}& Vel } o 2% cyclosporine A7} 9ol <1
T vie} zto] i UM E] £4E UoA ace
tylcholineo] 9J§t Wjs] 2]EA olgtel AHE Hi
2 ozt 92 FYTUeI S GMP RAoh} Catt
mobilizations} & A% AR ZehstFE A
o2 A%}, 72y Dinh Xuand*'& 79 o
Za8-2 cyclosporine A 3x10'M ¥Ell4] 37}
%9} A X%+ F sodium nitroprussideo] &% Wi
u|9)EA o)shg xE3} ving A} osle Aol
5 43 5 qsickz Bustgon, =4 Bossaler
=815 cyclosporine A(30mg/kg)E 5Y7t Fo
279 e APl glyceryl trinitrates] 2J& Wi
¥ ujoEA olgt Aol FAHA vl 3t £
Ags} Aoljt Aag B3t

Cyclosporine Aol oJ§t ¥ uh-g-x o] W32 ¥
o]k 9] ojAgdr P} 5o Sk B2
Eo] gloj® B YA ¥F 7L F=8
o= wi®=a <kE<el norepinephrined ¢]-43lo
cyclosporine A §§27} cremophor Fo{Fol|4 3
$549¢ Y A3 7 $5Yol= STl Aol
7} ¢lo] cyclosporine A ¥oJA] norepinephrineo]] £}
§ P £5Yole Ao)lE HolA widrty Ba¥
Diederich5#'5}e] A=z} {4181 #}q} cyclosporine
As} ¥¥ £23¢ AR @ O BaERW
Fe 2FolE Bt} ol AY A ol oA
7HA fale] A& F dAAR 2 F9 e
cyclosporine A9 Sof 48, Fof uhy, ¥ 7|7},
4 $59L 3= W F, oY €8 #5A2
ojd gako 2 AM-HER F2 Aol B A
& EAYPLA Z-2 AsholA] Bie FFHGE 4
HeA53, 223 i F99 FHE Al A%
FE=A5 AY A Aelrl Aol 4%E oA

T UE Aoz FEEAT HEY o4+ £ AY
o2 A YEo)

Cyclosporine A& 4424 (hydrophobic) ¢}A]¢}7]
o)-Zo} AF3E AHFE cyclosporine A A A=
cremophoreh= 2 #-E A28} cremophor+ poly-
oxyethylated castor oil2 FAJ¥-& ricinoleic acid2
5l oxyethylated oleic acido]t}. Cyclosoprine A
FolA] pAst = AEFFS AT} ol2F cremo-
phore] 2J3led ¥ 54L& F7MAZ =M T
A RanPe 9ot E AydAs A8RS
A28 A sdo} AEHE] AFsl7Ie YEAT iy R
e} dERgo) M cremophorel] % VF +5Y
ze olgddl A7 AYS Tl wla Aol
e cremophor zM7} iAol A Wk ol
g v)X A sttty Aok 23 747 FF
5ol 28 ¥ A ¥F a4 e A FAdole
dAz e Agdsy Fo4F v z}o|rl g HE
o} AFox Hehtal Walr} FAEA Yot
#] cremophor7} A18#S] $£58L FIMAFAIE @
k& e &k £ A AT cyclo-
sporine A 2] §2ke z}zt 15, 30, 50mg/kg2 747t
FoAslged o152 4E 7o F8 F ¥F cyclo
sporine A =& ZZ 538342003, 7,135+
556, 9,962+1,999ng/ml2 <qldjolA ARSI
cyclosporine A2] 8% T rRctiE A3 & Hol
t}. & Ao oligt n&FE AHER olf+= A
A, Ao wls) fFe)42] cyclosporine Ao Ak
5ol dojAcke MW, B4 HE £ Al
cyclosporine Aol 2§ A17)5-2] W3l g AL
ohigiAlgt 250gme] FAdA AFF FE] FA}
1:125¢l wkA 70kge] ARtellA 1:240H=2 ¢
2u) 9} zol7h o] B Aol A & cyclo-
sporine A 2| oFE %8l WL ¥|28}A |t fHol
#)9) cyclosporine Aell ¥ A7)59 &g B
AsAE olEHoRE AlFAAMY] G4 o8 &
o] Wasirhes A, AAE £ AYe] @7 F¢
cyclosporine AE $o% F ¥ v|X= EAE
#@sein 97) wield.

B A 329 $327] ¥ele] cyclosporine
A 5o Ad sl Fo F8 F o9 Wspr}
giged o2 RuEdMe A 2 Adrt dAEF
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Wol SRt RRES*03 W] gtk Bm
€77, 28|31 dAHe 2 HoAloke RaWEe] ¢l
o} ¥Eghell & cyclosporine A2] F3-L $9} o]
A7t A= QA 4A BE RaEA F5H
© 8 cyclosporine Aol 2J& ¥¥o] Hhgx ol W3}
£ 2o P 5] FUIEERA T ¥E o9y
o] Ztadle 2748 Holx gk 228y} cyclospo-
rine Aell €3 ¥ uhS-x o] Wislel ¥t} el 2 A
A A= FAHH FHEY UA geon™, o] B
ofofl cigt B} @ A7l W ¥ Ao Algdr.

Cyclosporine Ax ¥3¢] 71539l wdloldz 4
& ¥z 2A(Y 5 AU}t RegoF™ & cyclo-
sporine A 20mg/kgEs AFZ 3Y7 F% e
e A7kt Faell ] oM 2] ool qutyel B
Fo2 HE AT WIAZU AEAN TEY &
A, do A WA, 2z iAo E YA
E7} wtelR o) #AH kT Rty Mihatsch
58 A4 cyclosporine Aell 2§ WA E
9] %7 W2 AxPgW F2e 34 (inclusion
body)$} €8 |z WMz Hrl5e) Ve
YT ARz F4A7 2880 1 o)FE A5
dflol} Hfraet awFeol &g g £
Ao ME olg} AR} 47AEc] JA=H wjmA
cyclosporine A $o] 7)o o]un] WA Lo Be)s}
Al Wyl 29YE & F Ao ol &AL
acetylcholinesl] 2J3t Wz 2J£4 olsie] FHofst &
A8 yoAEe] oz futl Aol 2g
Sabsle el @ 4 o) b B8 A
£ Mihatsch3™& ol2jgl WA 2o W3} 2
e T2 P Jeldoln st widty 8 Ay
A vl & Al A5 fFRe s FA}
& sy} debgtchs 3Holw £ kRl HET A
Ed e Eoldt Juist W3le 3 5 it
£ #Hold.

HA282 o Z cyclosporine AL €39 7153 4

A= g oj& A o|ghg A7l ol pros-

taglandin H,, thromboxane A, & T}AISE So)
£, endothelin#} 72 EDCF2} F7}e| 7191k o]
2p7lnche  WIAZW 9] L-arginine o 23§
EDRF<Ql NO2| A4 Aol Aol & zMst ¥
g UL AA FeEld Jeld g Ao 35F

3 Hejebaql W2 YoM X &8 s
Ao 2 AE ¥t %% £3 L-arginineo 22 NO
B34 2AE 5, WAAZLY L-arginines] {4, NO
synthase®] #4%, NADPHY} Ca**-calmodulin
complex$} 72 cofactorE9] 7H44, NO Al E
guanylate cyclase® AHdsls= 33, NO2| oA} 344
% o] #A 4] cyclosporine A7} d3-& vl
gt v} AR A7rl 98 @ Ho & AEY, w
& cyclosporine AE Foit: AlgtS gjate® 3o
L-arginine ¥ A] cyclosporine Aol 9§+ ¥z vk
Sof ojugt wisly} fAsex|e} A A5Ae} 2
tst e Fabgo] Aol grasl=Alel gt A
AHq d77 €@ e Audr.

b= | 2
Cyclosporine A7} 83 ¥k&5 o) v]a]= a3k} o
713 & dolrr) 93t cyclosporine AS 747 &

o3 e} PE2Fo 24 cyclosporine Ao ¥y
9l cremophor® % 52 diFAe o] 8314
acetylcholine®} nitroprussidecl] 2j3F &3 oj2iae]
W32} indomethacin, superoxide dismutase, endo-
thelin receptor A Z$#)|, L-arginine§ o2 of§
2 AAAR7] A F2 U EA ol A E
vla FFstgic). =3}, norepinephrined)] 2igk ¥
T5Y ) Ws}E P ok F WM Ee}
2o et HEE 2Aste o83 e AT
d<sich

1) Cyclosporine A ool 4] acetylcholinesl] 2]
& o] 24 olgho] cremophor F-odFel uls o
o} A s sl

2) Cyclosporine Aol 21§ =] 2]&4] o]t oA
+ indomethacin o}\} superoxide dismutase, endo-
thelin receptor A ZAFAE HAx] Folx 3EEZ
2&ske}.

3) Cyclosporine Aol 2J3F Wi=] 2j&A ol o4
< NO¢J 7]AQl L-arginine AA 2] & 385 3ic}.

4) Cyclosporine A FojFo|4l& cremophor $4
ol B]3] nitroprussideo] 2J§ W] w]ejEA olgt
o} ojejeiA i}

5) Cyclosporine A $¢332] norepinephrineo)] 2
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g Y3 HBL 9 £5%L cremophor T u)a
Zpol7t @i}

6) WeE= <l WE 2= cyclosporine AE T
Agdelde WoAEE2] mafo] AAHA YUY
Roko 2 Wgh= o] @AEHUD dEdofr= v
Ao AZAY FE] &4, WA 7|Hte
EXel9] utg], phagolysosome?] E&5o] =3
.

o)ate] A2 cyclosporine A+ W3] 24 o|¢t
€ Y9AA]7)=d| o]= prostaglandin H; thrombo-
xane A, & I3E Zol&, endothelind 72
EDCF 2] 7}l 7]21§F Acle}r|Rchs WA 2yl
A]¢] L-argininee 225 EDRF<Ql NO2| 44 73]
o Alg stz Uy B} YT AH 2L
g vehtg Ho 2 53

= Abstract =

The Effect of Cyclosporine A on
Vascular Reactivity

Dae Suk Han, M.D., Heung Soo Kim, M.D.*
Shin Wook Kang, M.D., Kya Hun Choi, M.D.
and Ho Yung Lee, M.D.

Department of Internal Medicine, Institute of Kidney
Disease, Y onsei University School of Medicine
Seoul, Korea
Department of Nephrology, Ajou University School of
Medicine, Suwon, Korea*

Young Ho Lee, M.D. and Bok Soon Kang, M.D.

Department of Physiology, Yonsei University School
of Medicine, Seoul, Korea

Recently introduced cyclosporine A, a fungal
endecapeptide, is frequently used after organ trans-
pléntation and in certain autoimmune diseases due
to its selective inhibition of T—cell related immune
responses. Despite this advantage, serious side ef-
fects such as nephrotoxicity and hypertension have
limited its use. Nephrotoxicity was reported to
occur due to the increased resistance in renal
arteries resulting in ischemic damage and
hypertension due to the increased vascular contrac-
tility or decreased vascular relaxation. However,
the exact pathophysiclogical mechanisms of these

complications remain unclear. This study was
planned to ascertain the effect of cyclosporine A
on vascular reactivity and also its mechanism of
action. By using the thoracic aortic segment of
cyclosporine A-treated rat, after contracting the
aortic segment with norepinephrine, endothelium
dependent relaxation by acetylcholine was com-
pared with the control group which was treated
with cremophor, the vehicle of cyclosporine A. The
effect of indomethacin, superoxide ‘dismutase,
endothelin receptor A antagonist, L-arginine on
the altered endothelium dependent relaxation of
the cyclosporine A-treated rat was also evaluated
by preincubating each drug and observing differ-
ences In vascular relaxation by acetylcholine. Endo-
thelium independent relaxation by sodium nitro-
prusside and the vascular contractility by norepi-
nephrine were compared between cyclosporine A~
treated and control group. Morphological changes
in the endothelial cells and the smooth muscle were
also evaluated by light & electron microscope after
the cyclosporine A treatment. The results are as
follow:

1) The endothelium dependent relaxation by ace-
tylcholine was decreased significantly in the
cyclosporine A-treated group compared with the
cremophor—treated group.

2) Suppression of endothelium dependent relaxa-
tion in the cyclosporine A-treated group was not
reversed after the preincubation with indometha-
cin, superoxide dismutase, and endothelin receptor
A antagonist.

3) Suppressed endothelium dependent relaxation
observed in the cyclosporine A-treated group was
recovered following preincubation with L-arginine,
the substrate of NO.

4) The endothelium independent relaxation by
nitroprusside was also decreased in the cyclospo-
rine A-treated group compared with the cremo-
phor—treated group.

5) No significant changes in vascular contractili-
ty by norepinephrine were noted in the cyclospo-
rine A-treated group.

6) Morphological changes after the cyclosporine
A treatment were mainly observed in the vascular
endothelial cells; cuboidal changes of the endotheli-
al cells in the renal artery and appearance of cyto-
plasmic vacuoles and phagolysosome within the en-
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dothelial cells, detachment of the endothelial cells
from the basement membrane in the aorta.

From the above results, it can be concluded that
the main effect of cyclosporine A on the vascular
reactivity is inhibition of endothelium dependent re-
laxation and its principal mechanism of action
seems to be the defect in the NO forming mecha-
nism from the L-arginine caused by cyclosporine
A rather than the increased activity of the EDCF
such as prostaglandin H,, thromboxane A, or su-
peroxide anion.

Key Words: Cyclosporine A, Endothelial cell, Rat
aorta, Nitric oxide
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