WRIDE 34:1723-1731, 1988 1723

Ciclosporin D& &M (B3 5 %L

% 2% : Ciclosporin % X ¥ Sulfamethoxazole-Trimethoprim
GHAREICXE Ty FOBEMICONT

UREHAYEFBWREHEHE FE  Kikad)
b R OE W R
BREHAFEFNEHEEE (EE: SEFAESR)
¥ N B 2z
UWRERAFEFBHERRRER (I REEHHE)
B E

STUDIES ON NEPHROTOXICITY OF CICLOSPORIN
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A ciclosporin (CS) has a serious nephrotoxic effect which is synergistic with sulfamethoxa-
zole-trimethoprim (ST) on renal allograft recipients. The effects of CS and ST on renal func-
tion and structure, were examined biochemically and morphologically in rats. Male Wistar rats
each weighing 250 g were given various dose regimens (CS 50 mg/kg+ST 600 mg/kg, CS 25 mg/kg
+ST 600 mg/kg, CS 10 mg/kg+ST 600 mg/kg) orally for 21 days, and were killed and examined
on the 22nd day. Blood urea nitrogen (BUN), serum and urinary creatinine, and urinary N-ace-
tyl-s-D-glucosaminidase (NAG) were measured before administration and on the 7th, 14th and
21st day after administration. The serum levels of CS, sulfamethoxazole (SMX) and trimethoprim
(TMP) were measured on the 2Ist day after administration. Kidneys were examined by light and
electron microscopy. All rats that had received 50 mg/kg CGS and 600 mg/kg ST died within 9
days after a severe loss in body weight. Rats that had received 25mg/kg CS and 600 mg/kg ST
had lost weight. A high dose CS and ST caused a significant elevation of BUN. The level of
serum creatinine was significantly elevated only in rats that had received 25mg/kg CS and 600
mg/kg ST. Decrease in creatinine clearance was not significant and the urinary NAG activity was
not altered significantly during the experimental course. Morphological alterations were confined
to the proximal tubuli and they consisted of PAS positive globules, loss of nuclei, tubular cell
vacuolation and increased number of lysosomes. However, these alterations were mild and not
related to the dose of CS and ST.

In conclusion, nephrotoxic effects of CS and ST on rats were expressed as elevation of BUN
and serum creatinine and descent of creatinine clearance. However, these alterations were not
significant in rats receiving only GS. Morphological changes were also similar to those of rats
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receiving only CS.
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Ciclosporin (CS) O Ishiril#lfEMic X b
ERHORBEIRBMCEEL TV 5H, —FTIEE
LI, BROCIMEBRIG L BEto BT E
ERMEEk-T%. ¥k CS Z0b0ILBFH
Eh o, CS LihoRAE ARSI LH
AR GETXETHY, AR EC XhmF
CS BEAETI R HID, Tl BRIV
peD, LT CS OBFHRLERILH-0 LD
WEINRTWD. CS #575 . rBIT5HEEECD
WTIRE 1HE LTHE LA, &0, Fu biC
CS & ST A¥l% ARG L, BEHoHEHRT
AT CS o5& - OB ERC BiFT5 L
LA, WEAHATRCOWTHRET Lo TR
5.

T

7l E

EEAEIIT 8B, AE 250 g FikOHENE Wistar
F%5 v + SPF (specific pathogen free) & B\ /.
CS 7% (100 mg/ml) {X olive oil i CHFHRL, ST
&%t 1 g ¥z sulfamethoxazole (SMX) 400 mg
& trimethoprim (TMP) 80 mg # 8L &#IC, 5%
arabic gum B THML 1.5ml T 600 mg/kg #&
EEhBb X 5FE L.

=ERPT CS 10mg/kg & ST &% 600 mg/kg o
BRI 5B (CS-STI0 £), CS 25mglkg & ST &
# 600 mg/kg DHAKR5FE (CS-ST 258¢), CS 50
mg/kg & ST &l 600 mg/kg DPAZKEH (CS-
ST 50%f), ST &F 600 mg/kg 58 (ST #), 5
9% arabic gum #E5 % (GE), Fhic olive oil &
5% arabic gum OHRAREE (LG $#) L Lk 1
HHiop 0L L, 1BICEFCCHAZFEOH S
L, #EHE218 & L.

7y MITRBRBAAS AT Y b ERKR T RSy —
CERTHBFL, LK ad libitum w5z 7. #
LBEIAERT, ®REBEK7HE, MAEK=—FAF
BT ORERe T Loml 2iml, #5n%1H
Bz Sml il LCTTCBRL, SRy
LORBRC SNSRI 7. Fh, BmZ &
CHIBEH HIRIME T ¥ COURRDORREZ T - 1.

M7+ L ORSF creatinine, MERFELFE (BUN)

A —bT7FILF— (FY w2 ACABN00) 2T
f5E L. R N-acetyl-f-D-glucosaminidase
(NAG) oA/ ¥%, Fe TRIEL. EBER
i, CS #L5Fcis\ Tk CS BEY RIA ¥
CHIEL, ST AHFBEH IV TkMFo SMX
L TMP opE*BERE s/ v =77 74 —
(HPLG) i THIE L.

B E S BB T hematoxylin & eo-
sin (H.E.) %ufa . periodic acid Schiff (PAS) %
arAVCTHEEL, BTEHSEC TR L. i
L, CS ok ¥ oidikmbyoFE LoRMBETEST
FELichor 2 W REASENRHE T Tk
V.

FEH L Student’s tBRER X - T

= 3

1. EOZE{L (Fig. 1D

SROPHEEINES Fig. 1 @RZTH, RBR
TS HbrTEY L. CS-8T S0Fcss
Wi, FEWnAERS Y ABN, BmkEoFEERL
RIFACIET Lic 3 BEER< 7 Gl 5-BatatE 9 HELA
FLE Lic. CS-ST25 Bk Tk 5V A&
B hmbh, PHEERINLS BREIREATHY,
BEBIRINIIC L L T7. 9% Th - 1ohd, RECEEL,
21HEMR 5 OREIL6. 15 ¥k Hi-. CS-ST10
R WTi53BR X W EEMMEE DS I 5K
7tb, LG BXokEEMISH -, ¥ ST B
T, GHELIBEZ CREETHEMEREZRLE
2, BB ST B 13.3 % DEINTCh - ledic
BN, GETIXSS. 2% DEMxBad i,

2. MERFEEHR (BUN) OFE) (Table 1)

CS #5870 BUN i3 22.90+5.53 (n=60, mean
+8.D.) Th-t. CS-STH0 Bz I\ TILLHIHE
EH9BBECRETL, 7HHEOBENTLI- 4L
ZOWT o BUN i1 53.25+9.00 mg/dl LAE L
A#x 2t (p<0.05). CS-ST25 o\ ~Tik BUN
OFHEHEEET B, 140, 2lHE EHL TV
2%, 21 H B oAxEFEL LAY A (p<0.05). CS-
STI0 Bk Cixf 5% 7 HH, MHEELT2IH
BsWTEEREARAbN: (p<0.01).

ST, LG $ XV GOEFHCE T, BUN nFER
XA S high » 7.
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Table 1. Effects of ciclosporin on blood urea nitrogen (BUN, mg/dl)

post-treatment

group pretreatment 7 dsys 14 days 21 days
{n) {n) (n) (n]

CS-STso 25.704+6.33 53,25+ 9.00 ## - -
10) (4)

CS-ST,s  26.22+254 50.70+ 3452 31.71+£15.93  35.33+5.32
[§11)] 10) (7) (6)

CS-STyg 13.30£2.71 27.10+2.33s 29.20+ 2.39+« 28,40+ 2.59 «
(10) (10) 10) Q1]

ST 24.00+2.58 24.30+1.89 24.22+3.42  23.67%5.15
(10} (10} (9) (9)

LG 24,00+ 2.58 26.50+ 1.84 24.90+ 1.66 25.10+3.87
(10) (10) (10) (10)

G 23.60+£2.00 24.60+1.35 22.80+1.75 24.10%+2.33

(10) (10) (10) (10)

Results ere expressed as the mean*s.d.

All results are pared to pretr t levels
using Student’s t-test

* P <0.01; « P <0.05
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Table 2. Effects of ciclosporin on serum creatinine (mg/dl)

post-trestment

group pretreatment 7 days 14 days 21 days
(n) Inl in) [n)

CS-STgg 0,76+ 0.12 0.78+0.15 - -

10} (4)

CS-8T,s 0.65+0.05 0.91+£0.21%« 0.86+£0.21++« 0.83£0.084
(10) (10) 7 (8)

CS-ST,o 0.70£0.08 0.64+0.06« 0.66+0.07 « 0.81+0.13
10) (10) (10) (10)

ST 0.67+0.05 0.70+£0.07 0.63+0.05 0.68:+0.04
(10) (10 (9) (9)

LG 0.84+0.05 0.68+0.08 0.71%£0.12 0.83+0.21
(10) (10) 10) (10)

G 0.64+0.07 0.67+0.08 0.56+0.10 0.721+0.09
(10) (10) (10) (10)

Results are expressed as the meanz s.d.

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

* P <0.01; »* P <0.05

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

post-treatment

group pretreatment 7 days 14 days 21 days
{n] (n} In) In}

CS-STso 45.96+9.60 20.66+9.53# - -
(o) (4)

CS-STps 40.69+8.12 29.71+11.56+x 20.83+12.28 35,62+ 3.83

(10) (10) (7) (6)

CS-STyo 41.61x6.13 40.89%5.15 41.86+ 7.66 41,64 8.86
(10) (10) (10) (10

ST 47.924£7.62 49.69+11.93 56.85+ 7.04 42,714 9.87
10 (10) (9) (9)

LG 40.11+8.22 44,82+9.66 42,03+ 8,55 40.54:+9.10
[¢1)] (10) (10) (10)

G 40.43+3.29 47.77+£6.95+%  61.89+13.49« 50,59+ 7.99 =+
[§I)] (10) (10) (10)

Results are expressed as the meanzts.d.

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

* P <0.01; »x p<0.05

3. MMi& creatinine OEE) (Table 2) RCOBGETEBR EH LT, & 558 CS-ST
BEROME creatinine (X 0.7140,10 (n=60, 10z s\ i, |E5%7 8 L 4B TIXMEE creati-

mean+S.D.) Thot. CS-ST25 B I\~ TS nine RAEBRETFTLTEY (p<00L), HEg1H
#7B&148 (p<0.03), Fhiz2lH (p<0.01) »3 D creatinine (% 0.81+0.13 mg/dl & # &7
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Table 4. Effects of ciclosporin on urine-NAG index (U/g creatinine)

post-treatment

group pretreatment 7 days 14 days 21 days
in) (nl {n} {n!

CS-STso 40.57+4.64 155.15+76.88 - -
(10) (4)

CS-8T,s 41.89+851 58.08+21.02 40.75+ 11.61 40.55+6.61
(10) (10) (7) (6)

CS-8T,o, 40.38+4.87 51.96+6.74« 34.07+3.98»+ 37.35+6.06
(10) a0 (10) 10)

ST 33.69+5.09 3536+3.36 32.69+6.05 37.42x+6.11
(10) (10) (9) (9)

LG 32.16+5.30 32.08+11.57 32.71+6.19 27.03+9.44
(10) (10) (10) (10)

G 46.55+7.21 50.72+6.40 44.641+6.19 38.11+13.22
10) (10) (10) (10)

Results are expressed as the meanzts.d.

All results are compared to pretreatment levels

using Student’s t-test
* P <0.01; #»x P <0.05

{ HLREFLTWR, #EHiEE ORI EEER

Zbhihrotz. ST, LG BXUGHZ BWTITE

BEREHIL LRIk o1

4. Creatinine clearance (Ccr) DZEE) (Table
3)

BEfio Cer i3 42.46+7.15 ml/hr (n=60, mean
+S.D.) THote. CS-STH0 B\ T 5iL7
Az Cer 0ASRET &7 (p<0.01). CS-ST25
P BV TCIEE® 7, 14, 21H®D Cer DETx 4
5%, BEHiEL ORCEEE R LRI DIHEEGE
7A® Cer Th -7 (p<0.05). CS-STI0 i3\~ T
iz Cor OBFEREBIALRILh 7. Ff, ST,
LG BT d Cer 0FEREHIZ bR -
o4 GEEc kTR EHZ 7B L2218 (p<0.05) B
XU14H (p<0.01) mHE L ER*BDIC.

5. R NAG FHEDZEE (Table 4)

Rt NAG FEMREWC X W EFT 5709, crea-
tinine 1 g M7= h o NAG &M (NAG index) i
BELUCHE L. #5870 NAG index i3 39.21
+7.65 U/g creatinine (n=60, mean+S.D.) T
CS-ST50 4 LU CS-ST25 Bh BT HED
Tz abh3, CS-STI0 B s\ ~Tifr s 7 Hic
BHEERER ALhB LoD (p<0.01), 14T
BEOETHALRI (p<0.05). ST B, LG 3
BLUGRC VTR LR % BD i -1,

> 7.

6. [M5 ciclosporin EZEDLE

CS %21 QMR EHXR T H 214 BHoMmE CS BER
RIA i THIE LA, CS-STS0 FHL£6i9HA
FTRET LickbEL T, CS-8T25 k&
¢ CS-STI10 Fo» CS MFHEEX Thih 21780
ng/ml (n=6, mean=+8.D.). 10840 ng/ml (n=10,
mean=+S.D.) T& Y, dose dependent 7cfHEA H

bhi.

7. [@miF sulfamethoxazole & trimethoprim O
N}
=

ST &% % 21 BERS # 7% 24 BRI 0 M sulfa-
methoxazole (SMX) & trimethoprim (TMP) @
BE4A HPLC BRC@IELL. KL, ST #o
TMP (2 %%) bioassay H:TRIE LicicdiHTE i
Mote, CS-ST25 Bhz T SMX (X 420.50+147
.25 pg/ml (n=6, mean=S.D.), TMP (I 1.57 +
0.88 #g/ml (n=6. mean+S.D.) TH b, CS-STI0
BHZ B\ T SMX i3 135.59+40.61 pg/ml (n=10,
mean+S.D.) Th-tps, TMP 13x&E(EL 040
pglml TH b 5 F% 0.30 pg/ml LIFTH 7. ST
PED SMX (3 207.42+182.25 pg/ml (n=9. mean
+S.D.) T, SMX ofE#EECOVTHSE CS-
ST25 Baix ST BACHEB LT HEC &1 - 1 (pl
0.05) 73, CS-STI10 L ST BLOMICHEEEIA
bhich -1,
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8. BHAMRERR

FFATIC L TN oo ARETUORERIE, JRAIE &
LEALM B bRt UL, PHEESR
TILER RANE L BRI il %ok, fafoll
K, WHULEE Ly PAS Rtk Bkl % 385, —
o EEARTIBEOHKLbED bR (Fig. 2). L
ML, BERBIREAEEZLRT, ¥, HKKHEO
FlxBdieh ot ShboZ iR CS
By EEorh EERETH -0, HHRRERTIR
T e TR IR B P iR 0
PAS B0 AR5 2 £ %L, Floz oMk
L RO S, —R ME Bk AlgPe inclu-
sion body & LT#AH OB (Fig. 3). =X 57t
FrRILSEERIERTRB L, iofRTizabh
e ot

WHBRTILEE UGEMRME LR Mg lysoso-
me DEEINZRDHI-HY, vacuolation (T TMic kS
hansTHh (Fig. 4, 5), myeloid body (1855
Tk -7

% =

CS oFHmHET»RETLE oD, FEND
BB @S, L RERENSIL
sV, BHMTHE~NOBEZENEREZMINTH L0
S5HETH B 1ON, BN THEEMCHRETE D
BEHIFERORM MBS, Fio CS KBRS L
Lo, B RMECHET 50 L, Bl b
BN S h TEE R RS L fifas g4 52020 L
pEZLhTV5. CS OBHEMIBREER2E I
GEBTE IR0k, ERBYC BT CS 0 EH
HORIELREIL D TH D, 7, F CILKERS
CEOBBY LU e VT T2 LBETH

Fig. 2. Numerous PAS positive globules in the
proximal tubular epithelium. Loss of
nuclei is observd in some epithelium.
CS 25 mg/kg+ST 600 mg/kg. PASx 320

105 19884

v it d

Fig. 3. Cast in the tubuli of cortico-medullary
junction. Some of tlhie tubular epithe-
lium contain spherical inclusion bodies
which have appearance similar to the
casts in the tubular lumen. CS 25 mg/kg
+ST 600 mg/kg. PAS x320.

N kLAY A x
Fig. 4. Electron micrograph. CS 25 mg/kg+ST
600 mg/kg. x4,500.

Electron micrograph. CS 10 mg/kg+ST
600 mg/kg. x4,500.

D, T bSO TIE CS BE LihnBEHRE
T e EBEOEm &V o X 5 e S BER Z i
LA L RCBHELIALI R B EEL b
hTws.

CS OEHMHHRIATHCHD, CS 2odor
I EHELMORTFELIERTNETHE. giREK
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HLOMEERR2VWTAD L, TTREESh T
530k LT, CS OMFEEL T30 pheny-
toin?, rifampicin & isoniazide®, Zhic sulpha-
dimidine & trimethoprim % #RPEH5T5 & &?
Thbh, CS OFHHELYHRATH 005, CS o
MEBEY FJ53#] & LT ketoconazole®, ste-
roid FIOKEBHRE? 255, FRHEFEHRCT X-T
BEMYHEMS R 53EA L LT amphotericin B%®,
aminoglycosides'®'®, trimethoprim' Z 3} mel-
phalan® %35 %.

4@, ST A%l CS oftf#F X 5HFHEED
PR REY A0 TH BN, ST AHFZOLOR LD
BEECOWTHRD L, BROCIIFEESEERE
Zi ST AR RETH LBREREN ADbh B L
FEIN TV HMNED, KTk ST 4Fc I »H
BiEERL bhit W TH8RELH VY, %20
BEHCELTE—ED REE AT\ isv. ST AH
XA BREEEOBMEL LT, 1) TMP RRME
T3l creatinine DFWEEEL, ToKERMmME

creatinine {E% FH X8, Cer ZETX 32, %
REEBECIEE LRV EL DN, TMP s
e T hiMmE creatinine {EiX 5 LR TERIL
T5Z L2520, 2) ST AN sulfa FHHARME
RHETHC LT X ) BEEEEY -3, DHEC
1B EHC 3T BB L % interstitial neph-
ritis WBEEEEORERAT H 5 LELLR T
AW, Lhl, ST &Fhz X5 Btk oBERY T
Rizcouw Tk, SMX o hypersensitivity X%
interstitial nephritis DPENRALNLEDORTH D,
ST AFIDOBHEE:OHENLFT R 2WTUIALER
ST,

ST AHOBHEBT EEC T 2B 2 TA B
L, azathioprine & steroid I X5 S HEIAEIOS
£Td ST AHLofARG XV HEESEALR
BEVLHIWEBEINDE BN, —H TIFEENS
bhisweTrHENDLHD. —BANCIE, ZOW
A X 5 REmElofa, ST A X5 BEEER
ThThsLELDONREUD LS THHP. Lh
Tix CS & 2 REmiloBao ST SHOFHNE
itE\vs5 &, 19834 Thompson 5W (3 CS #5%
I T\5 56 A\OBFBHEEED > 7 Aiw TMP %
foik ST AFl% &5 Licd &5, FHITHED | %
< 6 AlCIfiFg creatinine ©» R & Hich, #h&
R XYVTRRLEWMEL, CS & TMP OfEFEMN
BEMGRELY TR L. bhbhid CS & ST &F
DHFRR Hic X 0 EWRT BEERE R X o L,

ST AFIXRETS - Lic X 0 BHEENEE LLESR
D | Fl% 8 LS L.

LERBW A AT CS & ST AHl0HEARST X
ABEEYBRI LB Rabhicnn. SEIOERRT
ST Hlo#ELEBEY 600 mg/kg & Licoix, ST &
Flo#r: Wistar % 5 » Mk T 5 HER0H 5RO
LD50 3 7,300 mg/kg TH H*®, HEAIKERST
Z, TeRh OBHEREL ELIRVEEVWSZ LT
i, ERptAfSCsVWTh ST AFlo&EY —
B LT, CS OB 5EROZEREL TR LI

4@Eo CS & ST AFoBRAKRS T X5 ERER
LRTEISE L CS B e L5 RBERS L%
HELTHD L, CS-ST FIEHAREERI®A,
LBIH 9 BEAPIIET: Lichs, CS 50 mg/kg BER#
EHIAERLN 9 B B TRATH > iR
EfEEY AT\ 5. CS B SR 15 miE CS
T 25 mglkg & 10mglkg HEBCH W TER
Zh 14124437 ng/ml & 101+24 ng/ml TH -7
7%, CS-ST 25 L CS-STI0 Fac s\ Tid 217.83
+80,57 ng/ml & 108944045 ng/ml THH, CS-
ST25 Bz 35U Tk CS 25 mg/kg B 5D CS
MEEED ISSBREBE oL, REFSLE
ETh-Tc 2 &b, FELEML CS omEREC
BARLTCVBEELHNE. Fh, SMX & TMP
DmMEEECBLTS CS BREEN S L MFRE
NERT EEASAABRCH, MmiF CS BEMN ST
AHEOBHATETTAER ALK, WEH1T &
FEBT AR, R#, PR B EE LS T
BLELLIADD, ThBHRELTIILRERTN
XFRFTHDHEELT B,

WEHEREEC b 5 HAMTE creatinine {3 CS-ST25
NNk EREERR LAY A bon, CS-STIO0 B¢
BAEERETY 2T 5. CS BEMEERCIE CS
25 mg/kg ¥ LU° CS 10 mg/kg HrHTLHERL L
Bixabhihot. Cer @BILTix, CS-ST50 B
© 7 BBIASRIE T3 7ch, CS 50 mg/kg Bijh
BEFC RV OIRENC A L EBII R ich o k.
CS-ST25 BT 7HAD Cer BEELET%:
Htcht CS 25 mg/kg BB ERACIIHFRETH
Zbhieh -7, CS-STI0 Fekits Cer 0ZFH)
1t CS 10mg/kg B LEHOL W& R, HEKR
B ED I -t. 20 X5 Cer KBLTHRS
EHRBR SRR CTUMET T 2EAN A b, L
ML, R NAG FEEe oW THB E, CS By
L3 TIRRP NAG index IBEEBED X\ 5EE
wiehd EEZ bhich, CS & ST AHIBHRELER
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EEVTIR—EDHAN A b ich - .
BFOHRELHELTH B, CS OFHtcEY
TR RIT I L X h, ERAC S BRI B
BRIEE TR RATREC L5 Z EAWLMRERT
Vw5, ST AHIC X5 FEEd QBB ELH
BHAEFTRIBLMAZIR TV, KERICBT S
BRSO THRBRECMECHREYRD T, K
M ER T RBEMRE L DD, L, B
SHIGABERC S WTFORE & ERETH
b, W R\TEBRL dose-related ZLIL 5
Mxieh ot

BEoZ e SRSk T, BB
LRI oS hAERILLRC 0D, FOBE
ZEERRBRALFHELICEE TRk, Dz bitsE
BHEOMES, ThhbbERIHOR, ., Fi
CS % XU ST AHloBSHE BEUH, BRimibk
EEBE LT, CS & ST SFIic k5 BaMHs
BRCOWTERFTHILEN DD EELS.

¥ ES

Ciclosporin 3 X U' sulfamethoxazole-trimetho-
prim FHOHFBREC X 5 FHEMOWTC, T b
FRVCTEER, BREPCHRIL, RO L5k
Fefic. FiEthc &> B#EES: BUN o7,
s v7F=2vDLREThK 7 v7s5=v-2Y7
FVADETELThbbhiA, R0 N-acetyl
B-D-glucosaminidase EMEOE B EENIIZ LA L
Abhigh ot BHRABSHEOBESEIL ciclosporin
HMEEH BB sh 2@E@7 A bhis. d-
closporin O [l {FHREEI Bf AL 5P (X B 51 X
YETTAE@M» 4L bH, sulfametxoxazole & tri-
methoprim D MFREXHAEER ciclosporin ©
BEENHLD R R EAN R bR, BoMk
FRE, REOEHELRAECHON, SEARAE -
BesifanZefaZEtt & lysosome DEIHIAZ S i A,
dose-related 7L A Lhinh - 7.

ARXOEEF, FISRAAMRBHLLEBRETREL
7z,
AT BEFIE BIRB GREES 60570747) T L -
7z,

X Lo
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