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= Abstract =

Changes in the renal function were studied in rats (Sprague-
Dawley) treated with cyclosporine A (CsA), an immunosuppres-
swe agent, to elucidate the mechanism of CsA-induced nephro-
toxicity Animals were subcutaneousely injected with CsA (San-
dimmun, Sandoz, Basel, Switzerland) at a dose of
25mg/kg-day for 4 weeks. Renal funchons were tested at 1-
week intervals and compared with those observed in control
animals(saline-treated) The results are summarized as below

1. CsA treatment for 4 weeks resulted in a significant eleva-
tion of the plasma creatinine, urea and K* concentrations and
osmolality with no significant change in the Na* level

2 The daily unne volume was significantly increased and the
urine osmoality was decreased after 3 weeks of CsA treatment.

3 The unnary excretion of creatinine decreased drastically
during the first 2 weeks of CsA treatment, and then remained
unchanged during the rest of treatment penod The creatinine
clearance determined at the end of 4-week treatment of CsA
appeared to be 60% lower than that in the control.

4 The unnary excretions of Na', K, urea and the total
osmotic substances decreased significantly after l-week treat-
ment of CsA, but they retumed to the control level thereafter.

5. The fractional excretions of water, Na*, K*, urea and the
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total osmotic substances determined at the end of 4-week treat-

ment of CsA were significantly higher than the control level.
6. The free water reabsorption and renal medullary Na* and

urea contents appeared to be significantly reduced by 3-4

weeks of CsA treatment.

7. Injection of Pitressin to CsA-treated rats did not restore

urine concentration ability.

8. The renal cortical tissue oxygen consumption was signifi-

cantly

reduced, but the active transport capacity of

aminohippurate was not altered in CsA-treated animals.

It is concluded from these results that CsA treatment in rats
attenuates glomerular filtration rate and impairs the Na™ pump
system in the ascending Henle s loop, and the latter effect leads
to a urinary concentrating defect and polyuria.
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Wako Pure Chemical Industnes, Ltd., Osa-
ka, Japan), ©#®A F%(Bio-Rad, U.S.
A.), 84% %= (Sigma Techical Bulletin No.
640, St. Louis, Mo, U.S.A.), Na* 2 K*
%% (Radiometer Flame Photometer FIL.MS3,
Copenhagen. Denmark) 12]1 HFEAF:
(Advanced Osmometer Model 3D2, Needham
Heights, Massachusetts, U.S. A.) 5& Z}7)
ZA F ol EAY gTujdFE A&}

.

)

o2 2ol &
tadie-Riggs microtome2 ©)-&
A4H 30~50mgS 37CNA
rlEe Atz Z3E  incubationg& W
(95mM NaCl,40mM KCl. 1.5mM CaCl,,
5mM Na-acetate, 40 mM Tns-HCl, 25Tl A
pH 7.5) 3ml Wol ¥ incubation3t®A &
A W 2RS4 (PO,)Y #4AE Clark Oxygen
ElectrodeE ©]&39 YSI Oxygen Momitor
(Model 53, Yellow Springs Instrument Co.,
Yellow Springs, OH, U.S.A. )2 &A3}d
MEAEFS AESA
A Az F7) p-aminohip-
purate(PAH)E 7132 39 Cross ¥ Tag-
gart¥ol @t 2AFAT. =, 0.5mFAY
H24HL 0.1~1.0mMB5 =2 PAHE %
8}= 1ncubation &(95 mM NaCl, 40 mM
KCl, 1.5 mM CaCl;, 5mM Na-acetate,
40mM Tns-HCI, 25CelA pH 7.5)Mol ¥
25ColA 100% 2tAFFaH 15829 ncu-
bation ¥ ¥ ZZHHF} &AW PAH %
£ Z17] Smith §° 9 ¥yog £33 3 %
FHog o)l5H ¢S =
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=2
A& 5l Hofstee A%
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Fig. 1. Changes in body weight
The figure by each data point represents number
of ammals and the vertical bar represents=SE
ot =

3 AR FEFYEF 93
o] 713t F<tell FES BFAL A3 £3)
HA o, CsA 50mg/kg-day XX A= 4B
£8&0] 40% ol CsAE 25mg/kg-day
AR ZAME 2FIZ7AA AFHR7E ALH
g7t 12 o]ZFol & ¥y} gllon, &S]
257 A= 83%, 3F7HAE 58%, LBl 4F
NAE 43% 2 e

olgigt AHAE J2ZE 3o o|F 9 AF
M CsAX X &%E 25mg/kg-day= A3}
Z+F A7 WIE A

Table 1. Plasma Concentrations of Creatinine (Pcr), Urea (Purea), Na*(Pn,*), K'(Pk*) and Osmo-

tic Substances(Posm)

Control CsA P
Per (mg/1) 6.0+ 0.5(11) 9.4+1.2(@7) (.01
Purea  (m moles/1) 7.320.4(7) 12.4 +0.7(10) .01
Puw'  (mEq/1) 145 + 1(6) 147 +1(7) NS
P (mEq/1) 4.3+0.16) 5.2+0.2(7) 0.01
Posm  (mOsm/kg H,0) 306 + 1(6) 317 = 1(7) .01

Data represent mean*SE mn each group at the end of 4 -week treatment of CsA (25mg/kg-day) or

(

saline(Control),

JNumber of determinations
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3t CsA(25mg/kg-day) HAF Z4€ ¥4
W creatinine, 82, Na-, K* 2 4&2&

FE
g Wz AFH vjund Fojth. CsAT 4
creatinine, 82, Kt 2 452 g7
o v}&ha 4-—]“7“ oY Na- 3= @
T bl 2 Aol7} gt ol AHL ¢
AFAE W o3l FFE CsAY I
3 QAAos FAbstd,

MEI|E A2x+= CsA(25mg/kg-day) X A
7} 85029 creatimne A UXE 9
BoyZEt), Creatinine WA HS CsAA A 1
Fof} oju] oA #AxsALH, 3~4F
e iz b8 o 0% = Iyt
2t ol 8 creatimneF =& A F
o2 (AM1E) creatinned A AE(Cer)

g o

o] CsA AX 2 ZA2HUE oz AZH=
Creatinine Excretion
1 Contral
60 CsA (25mg/ kg -day)
L
>
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X %
W
£
20 -
od iziel I7 rhel j7im 7h27
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Weeks of Treatment

Fig. 2. Unnary excretion of creatinine
The figure mside each column represents number
of determinations and the vertical bar represents
1 SE

* significantly different from the control group (P
<005)

o, XA 4573 AEd Cerd CsAT(2.
64 ¢ /kg-day)o] HZET(6.14 4 /kg-day)ol ¥]
3 60% A= DAG(A2E). o)HF AMLL
CSAX‘)X?E ApFA g0 A FAEA

+g vERdT

ISE‘f: CsA(25mg/kg-day) x| & Suj4d
F g 2AREssY HYE RAFET CsA
XA 2F A= 2%l R {FAEIFE LS
Y 33FE dxTrd JodA(50% °]
) F7Vele F31% thixZ(polyuna) @4
e ATHAZE A). #9Hd 845 Ex
£ CSAXHAZ YolAA 3~4F Foe= gz
9 50~60% TS RIHAIL B). A&

{3 Control
{A)Urmne Flow CsA (25mg/ kg-day)

40 -

nadd
E

(B) Urine Osmolahty

2000 1
” l-% %\
J 7 7 7
° +] | 2

3
Weeks of Treatment

Fig. 3. Daily unne flow(A) and unne osmola-
hty(B)
The figure mside each column represents number
of determmations and the verhical bar represents
1 SE
* sigmficantly different from the control group (P
<0.05)

mOsm/kg HZO
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. 3 Control
(A) Na* Excretion ZZ2 CsA (25mg/ -day)
4
>
5 I
2 2 %
: ;
£ 7
o- lziel [rlel |7l 7hsl |7
o i 2 3 4

Weeks of Treatment

Fig. 4. Unnary excretions of Na'(A) and K*
(B)
The figure inside each column represents number
of determinations and the vertical bar represents
1 SE.
* significantly different from the control group(P
<0.05)
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4 glon, WA A LT AH HF5T)
CsAdl 93 Z29e Uehty s,
A4=E Na* 2 K w83 Jehled),
Na*®] Z§ CsA A 134 @x3 2ad
F Uz £E7HA J2ETGI} 4FFAE
A ga Zasdt. K'Y A9elE 15:F
e YA ZAHASY I F 3 EFH
AzE% A7 g AsEelA B vie
2ol 24 L FATANES 44 Ko B¢
o fAFEAl CsA AA 15%6) A 7
A5t 25FE R2TY FFo2 B
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3 Control
Excretion
g 30 I
LY 7
;21 [ 2
S 4 %
£ 7 %
g 104 | P 7
2
0- 718 7118 718 T3 The]
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(B) Total Osmotic Substances
Excretion
N 40
3
2
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S
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£
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Weeks of Treatment

Fig. 5. Unnary excretions of urea(A) and the
total osmotic substances(B)
The figure inside each column represents number
of determinations and the vertical bar represents
1 SE
* significantly different from the control group(P
<0.05)
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Table 2. Creatinine Clearance(Ccr) and Frachonal Excretions of Water (FEy, ), Na™(FExn,"),

K*(FEx"), Urea(FEurea) and Osmotic Substances(FEosm)
Control (N=7) CsA(N=12) P
Cer (1/kg-day) 6.14 +0.26 2.64 +0.21 {0.01
FEuo (%) 0.35+0.02 1.27+0.12 {0.01
FEw" (%) 0.40 = 0.04 0.60 = 0.07 .05
FE& (%) 2.8+ 1.3 37.8+3.9 (.01
FEurea (%) 60.5 +2.8 94.3+9.1 .05
FEosm (%) 2.32%+0.07 5.18 +£0.48 (0.01

Data represent mean*+SE 1n each group at the end of 4-week treatment of CsA(25mg/kg day) or

saline{Control)

< 9u|dty, wetx] M @olAMe] o5 EZ
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excretion 260%7t Z7Fs Holth. oly &
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gradient) 7} CsAdl o3 ZotA-& 9fnjgt
Pitressin X{X|A| REF&5 : CsAdl 93 &
FAFEY a7t HIgA 49 Folw
(antidiuretic hormone, ADH)&H] A3}
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%  ADH(Pitressin  tannate-in-o1l, Parke
Davxs & Co. )& 0.7umt® Z+ o] FAIg
T 8FFSE ARG A4E 8ok
H}QHELO] NzxFANMe 84FE 5= (Uosm)
7} 2F 2800 mOsm/kgH,0H 2 CsAT N A=
1800 mOsm/kg H,O02 diZF<Y 64%° E=
3t ek whdo] gujAdB (V)R CsAT(%
20mé/ kg -day)°] (% 11mé/kg-day)ell H]
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=z
=
=

9% 8% 259 747 ADHEH|ZL As s

o] Uette Aol obdg AjAtgd
MEEFE| MAATE I CsAY FA4A

ZEA SHARBAZY AN fEZ=S

°}Hgiant mitochondna)”’} &d3td”2* nE
Zegoll A47F ZAEty BuEo ok
U mpEA] B Ao A= ol g Wt 29
Az EY /714 AR (aerobic meta-
bolism)oll ojwW 3t FFE WA =A dotr7)
$3td CsAE 50mg/kg-day&Fo 2 847 A
A% HEHE AAZ 23S L3t 239

FAELEES ZAIYEY, ASES sod
vpe}o] CsAF9 ZRAALLETE(Q0,)0]
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. (PAH)Y mflixE FHTHo2 243t
Protein Excretion xﬂﬁg.% EH}—:J_LY‘}' CSA'E'O]]}"] ?::‘_1;& %?_13 ‘_}'E]
] Control A (kinetic  constant)E Q%3 ZAddH,
A Csh (Z5mg/veday)  Vmax @ Kmo] 2% & 2ol #olzt A
l eyt o8 g AMEE CsA7F A3 /7]
40 [I' 0] o]&Al(organic anion transport sys-
3 tem)ole AFAA FFE 9AA &g Al
: * Apghe,
P .
£
110 14 2w
ol kel I7lel |7l frfis] l7lie]
o ! 2 3 4 AFEHOZHE - 2 a7oA #dd F3¢

Weeks of Treatment 4 F9 3= CsAdl g3t AlgA o=t
o] A3Al HAaEHE Holth CsAE 25mg
/kg-day & HF o2 473 (AT FHoAH F£HE
2477t creatinne A& (Cer)& NEF Y]

Fig. 6. Unnary excretion of protemn
The figure mside each column represents number
of determinations and the vertical bar represents

1 SE.
% significantly different from the control group (P
<005)

iz 2ol vis] < 20% A= FUch

MIZ =9 p-aminohippurate EXS :
CsAY FANZEE] 24 RY 553 &7
712 miAEe 9FE FAMEY] Ak
CsAE 50mg/kg-day §F 22 84 FPE2

3 B 60%7 IRXEH (A2R), ol AT
Aqzgol 60% ol FAHJUSE v
ot CsAA A 1~3F Aboldl& Corg 533}

A EPOoyY 8F creatimmned)d Fol
A(A2x)oz ulFojrol o] 7|7+ FF
ZAHAE e
. CsAv9lA B creatinine ¥ &
=7t ZAHE@FHA F 60 2 70% F7L,
AIR) AT ALFA AT BAE e

AP A) & 3}-&-0)

Za

e

b 2

off it i

=29 AlyAZAHNA  paminchippurate FHEFo.
Table 3. Renal Tissue Contents of Na*, K* and Urea

Control CsA P

Na+ Cortex 46.4+16(6) 50.7 £2.2(6) NS

(Ea/e wet wi) Out. Med. 53,0+ 1.2(3) 55.5 + 4.8(3) NS
Tn. Med, 130.9 + 1.0(3) 105.9 £ 6.5(3) (.01

- Cortex 79.2£1.7(6) 83.843.5(6) NS

Out. Med. 75.111.203) 78.7+1.6(3) NS

(uEa/g wet wt.) Tn. Med. 77.6 £5.6(3) 780+2703) NS

Urea Cortex 30.9+4.3(6) 39.3+ 1.4(6) NS

(umoles/ wot wt) Out. Med. 62.4 +8.8(3) 66.0+7.8(3) NS
In. Med. 302.2+26.6(3) 177.1 £ 36.5(3) {0.05

Values are mean+SE in each group at the end of 4-week treatment of CsA(25mg/kg-day) or

saline(Control). ( ) Number of determination

l"
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Table 4. Unne Flow(V) and Unne Osmolality (Uosm) in Pitressin-treated Rats

Control CsA P
\Y% (ml/kg - day) 10,9+ 1.4 199+20 0.05
Uosm (mOsmy/kg H,0) 2779 =71 1779 =91 {0.01

Data represent the mean=®SE of 6 rats in each group

Each ammal was gven an mtrapentoneal mnjection of 07 units of Pitressin tannate-in-oil at the
end of 5-week treatment of CsA (25mg/kg-day) or saline(Control) and unne was collected for
the next 48 h without feeding food and water.

Table 5. Oxygen Consumption of Renal Cortical Tissues

QO, (x moles 0,/100g + mun)

P

Control

CsA (25 mg/kg - day)

130.5 = 3.8(8)

{0.01

105.0 = 4.5(9)

Values are mean = SE m each group at the end of 5-week treatment of CsA (25mg/kg-day) or

saline (Control).
( ) Number of determmation.

Table 6. Kinetic Constants of

Active P~ Aminohippurate Uptake in Renal Cortical Shces

Control CsA
(50 mg/kg - day)
Vmax (m moles/kg * 15 mn) 3.15+0.35 2.98+=0.35
Km (mM) 0.67 = 0.08 0.65=0.03

Data represent mean=®SE of 3 determinations at the end of 8-day treatment with CsA or sahne

{Control)

CsAH A7} AT AT LS AN e 3 Penico 5%'0] CsAE 25mg/kg-day &HC &
A% ERAEN dE BT AR r 2097 AANS AdA B2 vl o5 A}
2127 45 49 5 e’ I AL o} A 3-7—}5] ‘é’%?ﬂx]ﬂ FAAgAEL 71:})\5_1111:!]— T—Cei?sl EJEHB‘L;G ]
UG, AbTFA 9 FE Starling forcesel] ¢ e it gtk a2y Sabbatim 5
B AuiEgs 2 FAo M thew Munich Wistar ratoll A1 A]3 gt micorpuncture

2ol HYE & Qo
GFR=K{[(Pc-Pt)-(7c-7t)]

@, GFR& AAFA A H-&, Kiv Ad4AF(fil-
tration coefficient), Pc @ Pt= AlFAZAE
# 2 ALY AFY, 7c D mte AT
AZAEE 2 Mxdd Ao wHAESL.
2Bz 7Y CsAZ AbFA g 24 W
St Y oA KiE HsiA 7] EX], otud AL
AYFAsto] HMIE Yo7 Starling forces
(Pc,Pt, e & 7t) 8 WHEAZGH AFH o
Fgo] HE ZHolth

HAENA CsAE ZOmg/kg £Fo2 IALF
F Ao FARE o 3] AW ZE (superf-
cial cortical nephron)®] Ab# o 7}-8 (single
nephron glomerular filtration rate, SNGFR)
o] 38% Ax ZAHW Kivl 2% A= T4
Hg A v gl 2822 CsA HA A
AbFR e HuojRo gz FREA A
ZFol x4 W3t dojyes Aoz F
.

-~

s
i

R CsAd) 93} 2BFGo] WaHe
ARz 33T Yok B0 Y HYSE
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mEa2®o Al CsAS F4 2 A XA
AR E3 A A¥FF(renal blood
flow,RBF)o] Zt&geo] #ZHAY. oy
AHEE AT REBAlY] ERAE] FHE S
Uetii =, Kaskeld*'°l F(Sprague-Daw-
ley)oll A} A3 3 micropuncture 22 7ol <
3" CsAE 10mg/kg-dayd-FO 2 747 XX
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Fig. 7. Relationship between unne flow(V)
and osmolar clearance (Cosm) after 3-4 week of
CsA or saline treatment
Data represent 14 determinations in the control
group and 25 determinations 1n the CsA group
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