1966

~

WIRFEIELLE J
198 74128

Ciclosporin DB #EMIZEET W4
# 1% : Ciclosporin #5535 v btk 2BHHEICDONT

UEEBA¥ESRURBHESEE EE  KEFEREE)
b A e KE MR
WEERAFEFHNANERE (B BHAEEE)
5 N B O Z
WRERAFRENWERERER (BF  BEEH3ED
TN S S

STUDIES ON NEPHROTOXICITY OF CICLOSPORIN
1. NEPHROTOXICITY IN RATS RECEIVING CICLOSPORIN
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Ciclosporin (CS) is a potent immunosuppressant that has been used in organ transplantation,
but it has a serious nephrotoxic effect. To investigate its effects on renal function and structure,
we carried out biochemical and morphological examinations in rats.

Male Wistar rats each weighing 250 g were used. Rats were given various dose regimens (100,
50, 25 and 10 mg/kg/day) of CS orally over a 2l-day period. All the rats were killed and exam-
ined on the 22nd day. Blood urea nitrogen (BUN), serum and urinary creatinine and urinary N-
acetyl-s-D-glucosaminidase (NAG) were measured before administration and on the 7th, 14th and
21st day after administration. Kidneys were examined with light and electron microscopes. All
rats that had received 100 mg/kg/day CS died within 12 days after a severe lossin body weight,
Rats that had received 50 or 25 mg/kg/day CS had lost weight which never returned to the weight
before administration. A high CS dose caused a significant elevation of BUN unaccompanied by a
corresponding rise in serum creatinine. Reduction of creatinine clearance was not prominent dur-
ing the experimental course. Although the urinary NAG activity was increased in high dose groups,
the elevation was not related to dose.

Morphological alterations were confined to the proximal tubuli and they consisted of tubular

cell vacuolation and increased number of lysosomes. However, these alterations were mild and not
related to the CS dose.
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3 LA 4l ciclosporin (CS) Bl 7e %k
FEMEIE R D b, 1978 4 Calne LT X - TERIRIT
FABRIAX R, LEKE, I, L7 L ORES MR
ERE#EY e b T2 LB REX R TV B,
Lz hh, CS oBHMABELMIIR B X s
po~ID | EEEEEE D Tohy T b BB T VT CS
BUobiERHOGI LY, EISHEEITPP LXEIE
ATHB L RAMCIERRIG E OBENVEETHS &
5 ETEEMMEE - TL B, CS K Xb B
OB BT e 0ERBHT CS 0EE
ARSI ST a 20, 5, b Uk e b
AL ABHEN X VBEETHLHIHEFIILE b
LEABEFRAALND EORENH B,

LE, bhbhixs » r VT, CS oFEHER
DT, CS o b8 L OBk X ORI I B HEE
e OWCHRET B & & b, REARFAE R
DWTHRE Le D THRET 5.
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2l i
SET)YL 8 EiG, FE 250g Hitko Wistar %
MMk » 1+ SPF (specific pathogen free) % Fiu»
7-. CS % (100 mg/ml) % olive oil @ THKL,
10 1 EEge CEIRD &y L. EBRIFR CS

o 10 mg/kg, 25 mg/kg, 50 mg/kg, 100 mg/kg 5
BEL olive oil DAHOMBEED 5 T, 1 B
DIOTEE L, #EMRENR2IA & Lic ik, 7 v M
LBPAA S AATL » ERET T TRE Yy — 2T THE
L, fFE KL od lbitum wHZ I, H5HEBE
BT, HW5BGKT HE, WABC=—F ARBFCO
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HBE BB T hematoxylin & eo-
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"1 B (Fig. 1)

CS BhHRER X OHBEOEHREMNE * R T
2, ERBFTOFETH G HTFHLL.

100 mg/kg HE5FTIL CS Ly, FHBntk
ERA N AON, BRBEOERMMETHTLE]
BlaEx L 9B - 5BRA% 12 B AP SET L. 50
mg/kg WERTIY CS #51 Lo B\ WEERD %
A, EHEERLRIIBEIRATHY, HEIC
HL, 10.1%Thot. 25mglkg RERES CS #
iz xy, LEVCHERI YR SHEPRKTH
DREFICHL 7. 5% DEERAL ThH - 1ohs, 21 BH
REBOGEFDZ, #5012 5 TRFLT
vic. 10mglkg #5843 CS HER LS T
KBRS EFORBOFERE MY R, 21 A/E
SH%OFHFEINERE L L L EE 7. 50 mg/kg
BH5E,DL 0mg/kg HEHETDF, DI b,

WRADE  33%

12%
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BE5%7 A BRSO FEMEIETIT LT v

MR & 2BIAF L
2. MERFEF (BUN) 0%H (Table 1)

CS # 53> BUN % 23.44:+3.62 mg/dl (n=30,
mean+s.d.) THotc. 100 mg/kg FHH5EFTE T
BeflryREHI2EEETRET L, HAB&21HE
DBREBEIITIo L Ish »7chy, 7 BEOBREN TR LIC
4Nz o\C» BUN 3 70.50+32.36 mg/dl &8
W ERLTWIcA, BB LR Tt o, 0mg
Jkg BEBCE VT, 7HRIV21 BT BUN o
HEDO LRENER LRI (p<0.05 % k¥ p<0.01),
4 HDFRBHEORA M & 5 hic (p<0.05). 25
mg/kg $ XUV 10mg/kg BEFL7 H, 148, 218
» BUN 33 _CHER EF LT (p<0.01).
3. & creatinine DZH (Table 2)

B 5RO MiE creatinine (X 0.72 4+ 0.07 mg/dl(n=
50, mean+s.d.) THhot=. BRERBIC XA creati-
nine ©_LREBEIIALNRT, EFOBGRLHEET

Table 1. Effects of ciclosporin on blood urea nitrogen (BUN, mg/dl).
post-treatment
group pretreatment 7 days 14 days 21 days

{n) (n} {n) (n)

CS 100 mg/kg 20.76+ 2.06 70.56 +32.36
(10) (4)

Cs 50 mg/kg 24,60+1.78 29,90+ 5.15 ** 22,224 2,73 ** 36.00+4.72*
(10) 10) (9) (9)

CS 25 mg/kg 24,00+£1.70 32.30+£2.21* 32.33£2.92* 45.78+12.27 *
(10) (10) (9) (9)

CS 10 mg/kg 15.3 +2.00 26.30+£3.27* 27.78£1.72% 27.00+3.91*
(10) (1] (9) (8)

Control 23.00+6.38 26.3 £5.62 27.57+£2.15 27.00+ 1,53
(10) (10) (7) (7)

Results are expressed as the mean * s.d.
All results are compared to pretreatment levels
using Student’s t-test

% P <0.01; « P <0.06

Table 2. Effects of ciclosporin on serum creatinine (mg/dl).

post-treatment

group pretreatment 7 days 14 days 21 days

(n) (n] {n) (n)

CS 100 mg/kg 0.76+0.07 0.78+0.36
(10) (4)

CS 50mg/kg 0.73+0.05 0.76+0.20 0.63+0.12 0.81+0.09
(10) (10) (9) (9)

CS 25 mg/kg 0.71+0.03 0.71+0.06 0.66+0.09 0.71+£0.03
(10) (10) (9) (9)

CS 10 mg/kg 0.73+0.11 0.74+0.07 0.72+0.08 0.76+0.11
(10) (10) (9) (9)

Control 0.68+0.08 0.66+0.13 0.74+0.08 0.71£0.17
(10) (10) (7) (7) #

Results are expressed as the mean % s.d.
All results are compared to pretreatment levels
using Student’s t-test and there are no significant

differences
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Table 3. Effects of ciclosporin on creatinine clearance (ml/hr).

group

post-treatment

pretreatment 7 days 14 days 21 days

Inl {n) (n} (n}

CS 100 mg/kg

36.72+5.63 15.88+ 8,10 **

(10 (4)

CS 50 mg/kg 51.44+ 9,65 43,09+ 13.83 56.89+ 13.79 34.20+5.61*
a0 (10) (9) (9)

CS 25mg/kg 40.26+ 2,54 36.08+7.95 42,43+7.33 36.76+56.06
(10) 10 (9) (9)

CS 10mg/kg 4450+ 14.83 41.48+11.44 39,66+ 13,88 41.87+12.28
10) 10 (9) (9)

Control 34.49+6.38 41.13+9.45 36.76+9.46 38.40+10.28
(10) (10) (9) (9)

Table 4. Effects of ciclosporin on urine-NAG index (U/g creatinine).

Rosults are expressed as the mean * s.d.

All results are compared to pretreatment levels using
Student’s t-test

* P <001 ; #x P<0.05

group

post-treatment

pre-treatment 7 days 14 days 21 days
{n) {n) {n) {n)

CS 100 mg/kg

46.72+10.19 152,64+84.17
(10) (4)

CS 50 mg/kg 31.92+8.77 60,68+ 16.90**  35.78+16.11 41,66+ 9,97 **
(10) [¢IV)] (9) (9)

CS  25mg/kg 34,50+ 3.65 37.68+19.60 * 66.04+8.21 * 62,28+ 11.38*
(10} [{)] (9) (8)

CS 10mg/kg 38.24+12,62 41.23+£24.86 39.70+£ 1711 62,18+ 14.63 *
(10) 10 (9) (9)

Control 41.98+6.23 35,70+ 3.62* 48.49+7.45 45,29+ 7.30
(10) [¢I)] (9) (9)

Results are expressed as the mean + s.d.

All results are compared to pretreatment levels using
Student’s t-test.

* P <0.01 ; #x P <0.05
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H, 14H, 2] H® creatinine {AICABEEII ALK
Mol
4. Creatinine clearance (Cer) OZEH) (Table 3)

BERIO Cer 13 42.28 + 11.76 ml/hr  (n=50,
meanzs.d.) Thote. £BD Cor OHEERIOfHEE
HELCHRBE, Cor OFRRETHEL LRI O
CS 100 mg/kg HE-HOBEHAEE 7 HE (p<0.05)
¥ LU 50 mg/kg HoRSHKE21AE (p<L001)
ERVTDRTH T,

5. R NAG EEOEH (Table 4)

Reb NAG FEHIREBC X - TEBHT 5 b,
creatinine 1 g ¥7-h o NAG & (NAG index)
S LT B L. B E5H10 NAG index %
38.68+10,02 U/g creatinine (n=50, mean=+s.d.)
Th ot CS 100 mg/kg B E5HFHTLT7 B HTI52. 64
+84.17 (n=4, mean*s.d.) EZEBHZ EH LT
s E Ol HEERA bR, CS 50
mg/kg HE5HO7HB, 4 BEBRAEREDO LABAD
h (p<0.05), 25 mg/kg BHEFHFTILT. 14, 21HBH

CRED EARZBhE: (p<0.01). 10 mg/kg H5
FTI21B BREBEDO EARA LRI,
6. IfjE ciclosporin EEED LB

CS 2l HE#SHRTH 24BN omnE CS BE S
RIA B TRIE L. CS 100 mg/kg 5 8H346
BRI L d JIE LT isL. CS 50 mg/ke,
25 mg/kg, 10 mg/kg DEFERD CS OMFEE
(¥ 738+176 ng/ml (n=9, mean=s.d.), 1412 + 437
ng/ml (n=9, mean=+s.d.), 101434 ng/ml (n=9,
mean+s.d.) THbH, dose-dependent g EFHiTA
HhvT, CS 50 mg/kg FEL 25 mg/kg B MiEEE
IOz - TET LT .
7 BHEBRENR

NBHR LN CS WEHE bk, AR X%
BEHENT S ETEEBEMNC LW O RENRED B
Righote. B RERRAECRED LN, B
DRME LRI EEEEY 2 Lcss, CS 50 mg/
kg BEFEC I TR MIRAE L F#ilao 22zt
n&Hbh, HOBH, MEEY 1 fcibhicl,
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Fig. 2. PAS positive globules and few cytoplas-

mic vacuoles in the proximal tubuli.
Glomerulus is intact. (CS 50 mg/kg, PAS
stain x200).

F -Bathic PAS BBt globule BFZEL, %0
size BTV O TREIRKEVWDIDO ML, *
T AT 2 b s b N Is b DA Eh o1
(Fig. 2, 3). 25 mg/kg BCix 50 mg/kg B & FHEe
FIRTHBM, LB, RlF& oA ELH,
R¥E—MEHEIL -7 (Fig. 4). 10 mg/kg B ERIIRE
ST BETH - 1.

EHEG T L LGRS LR Alao fatk M5
Bk AR RS A b, ¥ 7o lysosome
OBREMEMNGAZ bhte (Fig. 5, 6). ZERBBRIEM
R SBELALGED ORI, ThbOFMRILE
B 5T AEFE %R LT, GS 50 mg/kg #
5L 25mglkg BT, BoBEILLA
HBHEDOH N » .

% -3

Calne H{X1978% 12 U T CS % BBHEECIE
FALEOERYRE LT 5HHD, 19804k L8 1981
E Starzl LA T rA FEOHBIC X 5 BRBHR
BoREH IR EalE Lo, BETIE CS 1R
BHEOXBELAEMHAIL - TS, LL, BE
PHLHELMCEIRB L5, ZOBEMTOWT
%< DIERK, RBROBHE cIhb X1k,
Mihatsh Lz XhiXe riekiFs CS 0B,
DOEMORBEDFHILE X » THEST bhs in-
teractive toxicity, 2)IET O B AL F 7L R IS E
FEHIMED > - 1fl, CS tubulopathy % ££% acute
toxicity, Ziic3) CS-arteriopathy # foiXflE O
#ef{ba L5 chronic toxicity, o 3 i EX N,
ThbD D% 2) DEMEBMEDRMN rat HVTER
TEDH, FOBEENTS X OURIELNE Lt e + D%
BELTH LELBRT WSS,
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Fig. 3. Exodus of the nuclei and exfoliation
of the lining cells of the proximal tubuli.
(CS 50 mg/kg, PAS stain x400).

Fig. 4. Prominent vacuolar degeneration of the
proximal tubuli. Brush borders are
disrupted and uneven. (CS 25 mg/kg,
PAS x200).

CS D&MBHT IV TORELYARD L, TORE
13 dose-dependent TH b reversible TH53 L Ih
TE DL, HBENCIRAEREETHS L3 h
TWA2620 Ll CS OoFHM0 2R FTRE L
THF bR T B EMRMEDOEMEN, BEX b=
YFY 7, AKIL, F4vv— a0 & CS
DB BT HHO LRI RTikia 820 CS DB
2L B B E L RO EFNE oV,
ROWEW LILBRAERE & SRS HREME
TABREVLE IR TWA1830.38D, bhibh DERIC
FU TR RRF I R AL R A b BRI 22 faZets:
NExphich, CS 25mgkg #EHEE CS 50 mg/
kg BECIEBEILOBREC HE VERB A LR
e ote. BHERERE DR TEAFERNCTIRTS NAG
index DACHEENALIIL.

AE O LRI S\ T, F KL T creatinine,
Cer OEBEREBXED K-k, KR EORE
BT 2, 3EBRBLEV. AERTIEMME
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Fig. 6. Electron micrograph. CS 25 mg/kg.

BRTLTWIWF, b CS 2851, CS List
DBEERT RS LTRHE LD TH S, RER
CBL T IEROWE I L 23016222 100 mg/
kg L\ 5 KEHG Lot 25, 100 mg/kg
ERTRAFIBURCET L. L, HiRbo
Sprague-Dawley 3 ., I Cix 100 mg/kg H5H D15
¥ CTORTRII0%TH D, 305112180 CTHFL

1971

B e S
CS 25 mg/kg. x5,600.

¢ £ % 7l
% % %

Note brush border (*).

x 5,500,

TW5BZ &% Verani OEBRTII? Fischer %5
5 F®50F 1ok 100 mg/kg o CS % EERE L LT
4~TATREELT WS L, FE 5201 Wistar &5 o
M 100 mg/kg & 9 AR DS TETL BT &mn
b, Rckdr CS 0FHHO RIHO ERLERE
FTRETHAHS. CS OFHHEOBRZICE L TE
DEFHRIEC DV TOMGET b HZ Hh B2 5l
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COWTTHBA, CS BEHRN (1AL i
EHENBBLILS & XN TWBE®, bbbk FE—EaE
BT BSROMR & 25 HIV T 3 BE#E
EL10THHA, CS 25 3 X0 50 mg/kg 55
TILRH NAG index THB &, HBE57 HERIA
B LR LTk, 5 MsiE < hilBeE
Bk &I X B EEA b2z e (Table 3, 4).
Bl LTS5 IE B O RIE % SHE Lo i
MEBOMBHIBEEE 2, =— T VKRBT OBE
e X B EM Y RALD, IR By
B U b o DER DI Lich W2 8o s
FECEfe. Lal, WENSEOROYT , PRK
ETRELEG TERVY, bhbhitR—4&E TR
AN A 2 AT 70\ FEBeREY L e,

FEOT I OWTTHAHH, Farthing (315
y M RWT CS DEERFOTMIC XARKMKFEL
CETL, FRERENEAL, mE717 1 vED
ETT5:HELTW5. bhibhoRR T, 100
mg/kg, 50 mg/kg, 25 mg/kg BEFHC I\ TERL
hERIP RGBT G LTRSS bhie (Fig. 1), &
fui, BUN o LRIERTHHE bbb T
creatinine DEFHR LABALRIEh Tz Ehb,
catabolism DFTHEIZ LB EEX BRI, —7, B
e BY L TIL dose-dependent 7nfEA A Hh
¥, BREEEL 0mg/kg & 25 mg/kg HEFICT
BhHTEVENLD Rish -7, Ml CS BEW DO
THhBE, 25 mglkg BHEHOR S H 0mg/kg #E-
BEXbmys CS BENEL, BEBLOBRERC
dose-dependent B3R LDLIILH ST, AT
BB b b S0mg/kg BEFRT THRIOMMES ML
CS nRINOMENEELTWAEELLNA. CS
DR GEBIC X » CTEHEEOBEIFE IRV &3
EIRT0BH00®, BEEROERL|-FHET
RErLEZ LR, BECHRET LT LAERNE
L0y pMERTWDED VRS,

ED X5 pEARH D 0D, KEROERY
DTFwE#HT5 L, WEEMTIL CS 25mg/kg &
50 mg/kg #rb B RAE LA Ml 2 A v % X
T AEN R bR i pt, WM IREDX T
ZEdbhich ot BEEEKRE L LT BUN, M
creatinine, Ccr, [Rd* NAG O E % K
1Tle »ten’, R S\ Tl creatinine O3S
KRBT ZH50 T, Cer b CS 50 mg/kg Hrbpt
D2 A B HEIME T % & foic % 7ovs. BUN 1
CS 50 mg/kg 5% 6 10 mg/kg H5-MoD 3 T
RCER 7, 4, 213D FTXTOME CHE R LR% 4
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fobt, CHULILGE creatinine DA LA A DR
ot L ELBE, FiRDOITEL catabolism
DT LB EEL BB, NAG index i3 50 mg/
kg BETIL7 BERE2H AR, ¥ 25 mglksiks
PCiL7H, 140, 21B BOTRTORAT, £1LTI0
mglkg HEEFHTI2HBC FEO AR, L
2L, WhitingH3® D5 X 57k dose-dependent
e EREAL e ot 20X CBBEEREC
B 54 LA M T Mihatsch & OIEHT S
LR OBREOCREEY L AT Eih ol FHDL
i% Sprague-Dawley %3, b TD CS DFHMT X
DEHEEE TR LRI LB DL Car THoTo
LWELTVAN, bhibhd Wistar %7 % H
WA EDEREEEN BILRE NAG index HMEEE
LLTRWEEZLNRS.

] 3

Ciclosporin DEHEMIZDOWTT » FRAVTAEIL
), WESHCRE L. ToOKR, MEEm
SERLRAIE B MR ZElaE R B b Tholohs,
dose-related 7fEIIA bl T, KERGR
TIREERY, BUN 0EHL EANZED bh, ca
tabolism DOEEAKX W EEZ LW, BEETX
5EBESHEE T, Mg creatinine TIXHEED AR
I, creatinine clearance T HhidE AL E
BoOETHABN L1, RP NAG BHEEE
DEEx Zt-b DD, dose-related Tikich -7z,

ABIPRRICBE Bl BIER (BEBES 60570747) I k-
7z,
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