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The Acute Nephrotoxicity of Cis-diamminedichloroplatinum in Rats

An Ultrastructural Observation
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platinum #1359 ¥FF zzrt FAH%s, <%
stgE  ZFe) A% cis-diamminedichloroplatinum{ I )
(DDP)o] 7t 2§t &% &3+% 7= A2z &
3] 7] t}(Rosenberg, 1969; Rosenberg, 1970. = &
EZo Ao EZEY 4FE A da4d FE&HD
A (Kociba% 1971; Leonard%, 1971; Schaeppis,
1973) DDP: 2 & g¢g¥ez 5d4E ¥4 & F
were] A gEez =5 23 B2 AE
5] A2y s (DeContiF, 1973 Gottliebs, 1975;
HighyZS, 1973; Highy%, 1974; Higby%s, 1974;
Hills, 1975; KovachZ, 1973; Lippman%, 1973;
Marx, 1976; Piel=, 1975; Rossof%, 1972; Speer%,
1975; Talley%, 1973; Wiltshaw$-, 1976) A& X
A9 et wEe, ALY LAY Lol FF
o ol2vzAA BWHeA ALHz gtk (Rogenc
weigs, 197D).

% o)/ 3 DDP Ao wE $ALeze HF
%, Ay, AN D dAgEg FHo] Qem BT G
g2 FAHZ o= Axe FHEAN dE 4L
2 o=z 9d(DeContiE, 1973; Lippmang, 1973;
Piel%, 1975; Roxencweig$, 1971). o3l ¥ & 3
AAE AEHo] AA JaefA A& el DDP
9 44 3 ALRe At el Hx ReH
(Madias%, 1978), webal oleldl A T4 & o 437
25 DDPZEA A %se 4d g4 (PielF, 1975; Stark
=, 1977), mannitol 5« (Hayes%, 1976; Hayes%,

t A4 A 1984 4. 10.

%** . E'_I. il 7'*

1977), ol xA E-of (WardE, 1977) ¥ penicillamine
2ol (Highy 5, 1975)59 =& =+ ¥ 343 (Merrin,
1976; Corder%, 1976)8] Es}Eo) Bzxx Ut =
2} ol2igl YA Hgew T FHaye A
WA= el Fd A vpFoz I AQH ZAE
H23 o god olge oA TaA WiE JAY
d7= g

olof A A+ DDPHoje] 2§ AgA A542 4
g4 545 A4 AAGe| Ao vl T2
Wils Faga ol gz DDPHo AF FAFF 2
DDPE-« A furosemide$ o] 2.8 = aminoglycoside ¢
gl gentamicing ¥E FAYP L= o7 H = AN
e WaE vhely] g B AEE ABEsich

HEME 2 UY

1. HHSE

AYEE2E FF 200~250g AE9 Fischerd]
AN g gr FLAFANA £F) 165002 & A&
A A9 1593 FLY 204 4B dupA
EZ dulASd ¥ ARARTE A5 B ARFE
A A A g 2L AYTLE el 44
B3t

A. DDP &5 F4F
DDP%o &%t A543 FAE &7 A% 49

Zhe A AL BT e 15=}2)

v ART
1) DDP (2mg/kg) o] Frereeererreroamenens 10=}e]
2) DDP {4mg/kg) S0 Trereerrrmemsnrenanns 104+
3) DDP (5mg/kg) Fof Foererrrreemsaseneeens 108} 2]
4) DDP (7.5mg/kg) BodF -verveveevnnn 14mtg]
5) DDP (10mg/kg) Fo] T «ororeerereerenns 20w}e]
6) DDP (12mg/kg) Fo] T vevreeranenien 10%} 2]
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7) DDP (20mg/kg) o] coeveerrevrronenn 10%}2]

B. DDP-furosemide =& gentamicin® & FoiF
7}, 8-F 5% (water, 10ce/100g of BW./D) 2 furo-
semide(12. 5mg/kg) Fol = DDPol| 21§ AE4H9 4

3 Fo el XE drled A4,
1D T EF oo 10=}g]
By AF T 10¥v}=]

v}. Gentamicin (40mg/kg/D)2 DDP(5mg/kg) <}

FAd Feltezsd DDPol o8 A5 iy
= o;—m & 4.
1) R v lon}a}
23 AT G 10;;].3]
C. A4 24 f2g A3 29
1) el =T A) 1w}
2) /E}iji— .......................................... lon].a]
2. s EHay
D Folu i A% 9FY Fobelv] A5 F o
T 24745 B Assne TN By

platinol®(Bristol Lab, 10mg per vial) 1 vial€ 10ml
FHaol FdA leed 1mge $EZ SEZX A 2
F oA A By FAesl

2) =AAZ

7t. DDP &% S 74 = DDPFRALE 19, 34,
54, T B 994 2z 2vied mastglz S0 A
BE AT TAF 1kgd DDP 7.5mg 2 10mg %
ATl AE ARFE 199Y 7dH A Y 2rrE] A
etherZ =13 @ & =44

v #3E FAE

@ DDP A 54 ¢ ¢y =g 484077 A3 49
£ DDP 2t55cjelA 2& 43¢ Edz 49 35
A48 A& 3 7A Feo] REFo Y F44&
&3t

o

i

[+

1 A Aol FAZE dol sHFel A F 100g
2 10cc® £ Fo3dA H % 1kgd 5mgd DDPE
FAEEy] 30%A e furosemide(12.5mg/kg) & # 2 ¥
& ARE 2 HAfAslz FAF 594 2F
etherz =} 3k F x4kl ch

@ DDP 454 & 713477 918 44 & DDP(5mg
/kg)F FAslE FHE gentamicing F M F lkg
% 40mge ofA L A 23 ¥ebd AYGIIR Feb
iel HeFatste AP F 5UA ether® vlA 3 F 2
= =4

@ 33 AN A= AH T 109} ol kg% DDP bmg

£ FAHE F 19 FE 5l AAA SFel 2ebed =4
3t ot
D AF »x4£F4aX(BUN), 84 Cadl MgA

Ultrastructure of Cis-diamminedichloroplatinum-induced Nephrotoxicity—

24 AR Fa7 2 A A Cheart puncture) 3t 2~
Sccd =9 #HAL i34 ¥ BUNR & microcentrifugal
analyzer(MCA) & o] 24l urea W o2 RE AT

oA FAY =z, dlz¥ 2 DDPE 4% lkg? 7.5mg
Fod 3 FolAle @4 Cax & ion selective electrode
(ISE) ¥¥le=, #¥3a Mgia+: atomic absorption
spectrophotometry W o2 23314

4) AEYei AN #2A

EARNT B4 AARF S A5 FEHA AF Do
2 AGE F F4 10% 54 Lewdd nAsm o
‘F-‘%@‘% AAE stebs] zolete] 4~5p8 F
A3 ¥ hematoxylin eosin® 4!, periodic acid-Schiff

(PAS) s34 = periodic acid-methenamine &4 -& 4

Yol WelzA A J5E gRE
5 #AHE=AA B3
B4 G4 B4 Az dFE Imm®s 2712 4
3te] 2.5% glutaraldehyde $9dd &4 =33 &
A4 FFEAeA 002 T4 2ot ¥ gz
Z2 B4 F propylene oxided 3 EA37 o4& epon
=

2

Zo g5k o] epon blockg 1x F#l & semi-thin
Z o] ¥ 5% wA3o toludine bluez ¥ A3 F
G v Aol Al FAR A Felel AAmFy EAE
#9138 ¥ LKB microtome (Ultramicrotome LKB-5,
ol-g3te] 50049 A= 2wy Tgg
£ uranyl acetate?} lead citratez dAE F Hij-
tachi-H 500 =% AAgrAdox 39}

Sweden)-&

4 # 3 0

1. dBIUE S ME| 2t AUE

DDPF A 294 8 334 fagdez AY%
FEL AAE gz FAC FHE AU E Bl
A Ag g RG] AFAd v Fof TS
. A% lkge 2~7.5mge] DDPE T A g Tl
Ae ARARE AU A7 Ao AF kg
10mg FATIAE 14 AP M E 3294 19t2), =
23t 3~4Y Alofel 3=mtalr} AlnbstEzm, 1 AF el
A 3~4d Aol 3utel, 5~6Y Atole] Zwialrt 2
2 A A% kg 12mg ¥ 20mg Fof Foll
Ae AYF 394 wF  AnkEle LDgt  10mgel A
12mg Abol2 3G (R 7)

2. HEINUAE BFRH HED METH 2 S AE

7.5mg/kge] DDPE Foi& ¥ 194 28 745 714
9 ARFFAE 44 FA5 244 WA 3
of Na g T E 15 2k AEH

— 169 —




—# %24 % Cis-diamminedichloroplatinumef 2]%F Al%4—

Table 1. Kidney weight after DDP (7. 5mg/kg)

injection

Day after Kidney weight (% of body weight)
injection (range)

0.82(0. 78~0. 84)
0.91(0.82~1.0 )
1.39(1. 33~1. 45
1.36(1. 28~1. 44)
1.59(1. 35~1. 83)
1.50(1. 32~1. 68)
1.06(1.01~1.11)

- U e W N =

Table 2. Percentages of body weight loss by
administnation of DDP

Group 2% Weight loss
1 : DDP 2mg/kg 3.7
I: DDP 4mg/kg 5.9
B: DDP 5mg/kg 8.2
V. DDP 7.5mg/kg 10. 4

dol el ARF 5AAAA R Fo] Frlstel Hu

Aol o] & Fol H F2EHE AL Biz, 43
7% A% kg% F4% DDPEFe] wg FFAS
ZAaN AR A FEFAAA 244 FAY Y
Ae E5A9 T o) E AYH HAY FF
Ao} g HEE2 TAR ule T 29 A F
gk DDPS) ofe] ¥&5% wWAe AFe of 7
ol oh
3. BUNx2| &S

1) DDPgt% R T

=7l A9 BUNS #HF € 25%1.7mgfolsl2e
o, AFE lkg% 2mge] DDPEFolA e AY7 -
% BUN#9 # %o gl3iz, A F lkgd DDP 4mg, .
5mg, 7.5mg ¥ 10mg Fo Toll A& HF BUNAs 4
% sol# 65mg%, 155mg%, 195mg% % 234mg% o
2 HzAz FA% F A gaslgden 2 FoAL-
o ] Agdslel BUNA 9 Wil £ 33 3ch

2% 18 o] & 232 T AT zlelth

2) H§ FoqF

DDP%} furosemide @i gentamicin ¥ § 5o Tl A
L A9 % 594 ZA% 3F BUNH 7} furosemideyt
Foi gt 2 F) A 26,53 0mgs,
§3 bl 2Fo] A= 23.840.8mg %oz, TEITFA

Bodn

gentamicin?t %

Table 3. BUN levels by DDP administnation

v. DDP

Da 1. DDP I. DDP m. DDP ¥. DDP
¥ (2mg/kg) (4mg/kg) (5mg/ke) (7. 5mg/ke) (10mg/kg)
1 25.0(23~27) 26(24~28) 24(23~25) 26(22~30)
2 30(28~32) 26(25~27) 28(25~31)
3 26. 5(25~28) 34(30~38) 45(42~48) 33(33~48) 38(34~42)
4 102(95~109) 94. 8(90. 6~99) 141(130~152)
‘ 5 23.0(22~24) 65(58~72) 155(145~165) 195(182~208) 234(215~253)
! 6 94 (86~102)
i 7 23. 5(23~24) 38(30~46) 43(32~55)
| 8
| 9 27.0{24~30) 34(31~37)
¢ ) I range
Table 4. BUN levels by administration of DDP and furosemide or gentamicin
1. DDP I. Furosemide 0. Furosemide V. Gentamicin V. Gentamicin
Group (5mg/kgd (12. 5mg/kg) +Hydration* (40mg/kg/D) (40mg/kg/D)
+DDP(5mg/kg) +DDP (bmg/kg)
Mean BUNZS.D. 155+14.1 26%3.0 254:3.4 23.84+0.8 195.6+27.8

* Hydration (Water, 10cc/100g of B.W./D)
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Fig. 1. Daily changes of BUN levels by
administration of DDP
Jol DDP %34 30-F Aol furosemided Fo3F 4
Tﬁ% NN T 25+2.4mg% R A 4 H = F(25+1. Tmg%)

b 3ol 7t qlglesd, 22w DDPHoisl FAe A9
717+ F¢l gentamicing FA43 AT E= AFE
A A 33‘?' BUN=#| 7} 195.6+27.8mg% 2 DDPul &
o3 #F(1565%14. lmg% )2t BUNH 7L Fob=wd A

kel

)]

(p<C0.05) AFalA & A3A degg AAsz g
glch ol Ee A dofH TAF e o

o

4 ¥ Zmxlg
W zgo A2 9 = 11+-0mg%el 3=,
# % lkgw 7.6mge] DDPE Fo 3t % 594 AT
AT AEAE 8.440.Tmg% A Fas= F &L
el ¢ et (p<0. 05)
5. B¥ nfadiExle ME
27l e #Holadwals #Hd 1.89+40.33m
Eq/Lelglx, 3% lkgw DDP 7.5mgg 48 ¥ 5
4 4% HA vladedEs Fgel 2.1740.29
mEq/LaA f2Frv ZtadA] F9
6. ZstEnjzy A
DDPF-ofo] oisted o7& AWM F2 JAx
A (convoluted tubular system)of 4] A= glow
T HIE Helx $glw
545 DDP%e] w2 Azde] g Halzddd &
Ag soshy A5 Ze Ao

.

ofj
L

2 ol

2mg/kgel DDPE Fol gt A4 Fell A& &8 SkHE
(deep cortex)®] ZH FA wstol] Tg% Anjd 44

Aot FaE <z brush borderd FEA 243 Ax

@) srpol 47 o2 ehyg Feldlanh, smg/kg

ol gel FeF AL bR 279 Wi 4% A5

o ZHFA e S8 A (A 2,3%) 3 o482 brush
border®] &£Ae] B¢ EEsE o= (A 45) WAy B

ZF 9 dAze Ayl A=A dmglkg 2
5mg/kg FATAANE AYF 5494, 7.5mg o4
FoAFol e A% YA FH AAnDd A A4r HaE
o (A 5,6%), A A= A (subcapsular
necrosis}® £742 7.5mgol 4 Fo T4 B o+ gl
ot zd =z A F lkgw 12mg ¥ 20mg T°4€'°1]*i-‘&
Al uppE 9 (outer zone of medulla)2] A4 %=z
9 =AW, Za 5l udALe] ARl vl Ee] A
Ax AAY 27 HEE FRE F QA 2=
AN =Fe B BESE Y A d 9 (megalonu-
cle), #v3=q AL £2 59 A T2
4~10mg Fof Foll A 5~9¢ Atelsl, 12mg ¥ 20mg
Fol AN A F 3dA 5y FaAAA . A ad
8 Z1ALE A FAE ,i%id— A w3 A3l &
i, & A7 AAEA ¥
1A 73“1“ i&wri FTuldtgdz, o

=]
= AR Azad g W] Ade]

mh
i

po

] DDP &t 55 3% ol2idt wHejz3 &4
A4S 48y H-E ¢azdg
Holels S d-pE BA e B (pale)
& = 19l es (A 2 %) DDP 4mg~10mg
545, 12mg 2 20mgs] DDP%
Adx] #HAFgl e olF ZATA
E 59 b bl W E Fol oA
31 furosemidest Foi g ¥l 2F 9 gentamicin
7‘} Ty FoAq daFddis 5o
= gokx, DDP §of 9} 5/‘1 of &+
= furosemlde—a- Fod g AT = AR
Mgt FAH A FAE DDP‘} 5o
lza] 4 Aol Anjslycl. DDPFodg) &

f—l@,ﬂ 7k $¢l vl gentamicin g F-of 3 A ¥ Fol
w

X e
S

N
-
>
™
>
ol

s foli
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o
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i)
=
k

O S VR - S =T 4
[N
do,
_.M'.rj_‘

o Wz E 6o T A vlgl ol
DDPl @502 Rol3t Fxd 4 Mgl
7. dXEnlAE g
1D Brush border
FEAmMAH o2 vhebd T T nY] wAFR

(microvilli)8] &AL ARAr|AAR o=
B el /‘IZP?}OE? 3Tl A el
A 5AFENA g Astge Agsm

5 brush borderst H i BEA oz A= A3}
AA8E) F5ol = s GFHUGEHIE).

2} A3 A (mitochondria)

AAE 2 asls g HkE FE sy e
27 Arld BFA4L Fudg ot cristaed)

A 2L
7l A Ak
ik U]

QN rir
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4ol F99 29 A9 AR At #e
A i o] AP A4 (A 9x) cristae
= ogAs 245908 gy sge) vehsl A
Fgz ATy HgFy £AL A5Ad4 A
JA st A9, 11%).

3) &< %% (endocytotic vacuole)

23 2rdAE FFTEE AT ALt 4
7] Aol Wb wgsd HEE REE Hold 29
o che ZFad o 9E).

4) &<t 519 (protein droplet)

Fam o G4 A7 Aol wel AR F
cdtged o 378 44 E SR

5) 23] 24 (Iysosome or phagosome)

dgstx =279 AL &£4) (autophagosome) 2
heterophagosomed] &7}z 27 %8 ielvtz] A &3
o A 5FA L telephagosome7tx] &3P L 2

1

3 AFH—
27 94 A A AR

6) W 8 4 2 (endoplasmic reticulum)

&y ] 8 A vk (smooth endoplasmie reticulum)-& &
s} A" s FrEdel gon A3 oFxRH ¢S
syt 95). #d 27 ¥ A% (rough endo-
plasmic reticulum)e Ael & FA3 HEd ZHrF
(ribosome) o} w=& Fulsldz polysomed] F7H7b
A3, 49T A FRFAFGA 10=).

7) 3 A} (necrobiosis)

ol WA xe] A AMEzF 247 AErAYy
FHom 2 ars FAEUT AzAW vA T2
2A 3 AxA9 D brush borders) 4 4£4¢ Fy
Hgor A 3% & sl A 5 AR
CR R LG IR

8) 7 x4

AEAY A gaa.e 2 3dEE ey Aaskd

Table 5. Comparison of maximal pathologic changes by administration of DDP

Findings (12. DDP I. DDP I. DDP Wy. DDP V. DDP V. DDP W.DDP
mg/kg) (4mg/kg) (5mg/kg) (7.5mg/kg) (10mg/kg) (12mg/kg) (20me/ked
Proximal tubule of deep
cortical nephron
Hydropic change + + + +H + + +
Loss of brush border + + + i +H + H#
Dilatation & flattening + + + “+ + + +
Necrosis - + H H ais + +#
Casts — + + + -+ + +
Impaired regeneration - + 4 -+ + + +
Outer medullary tubule
Hydropic change + + + + + + +#
Dilatation & flattening + + + + + + +
Necrosis — — —_ — _ + +
Casts - - + + + + +
Impaired regeneration —_ — — — 4 + +
Collecting tubules cast + H 1# H+ + + T
Interstitium
Edema - — + — — -
Congestion - - * 4 *yp L *p * 4y
Cell infiltration -+ * *4 * 4 - + -
Calcium deposit - + + — + — -

* Group I : pathologic changes of the Oth experimental day
I ~1 : pathologic changes of the 5th experimental day

—1 24 4+ AR H FFED M ZE
* Cortico-medullary junction

M~V : pathologic changes of the 3th experimental day
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Table 6. Comparison of pathologic changes by administration of DDP and furosemide or gentamicin

1.

Findings

DDP
(5mg/kg)

-++Hydration** (40mg/kg/D)
+DDP

Proximal tubule of deep
cortical nephron

Hydropic change

Loss of brush border
Dilatation & flattening
Necrosis

Casts

Impaired regeneration

ok oF o+ F o+

H

H-

I. Furosemide H. Furosemide N. Gentamicin V. Genrtaimicin
(12. 5mg/kg)

+DDP

Quter medullary tubule
Hydropic change
Dilatation & flattening
Necrosis
Casts
Impaired regeneratien

Collecting tubules cast

Interstitium
Edema

Congestion *H

Cel! infiltration *L

4
*+

Calcium deposit

* Cortico-medullary junction

** Hydration (Water, 10cc/100g of B.W./D)

Table 7. Clinical and laboratory data by administration of DDP

Group DDP mg/kg [. 2mg

1. 4mg

Ii. 5mg

V. 7.5mg

V. 10mg

V. 12mg

. 20mg

No. of Rat 10

10

10

14

20

10

10

Clinical signs
Day died —
Condition good
Diarrhea +
Wt. loss % 3.7

good

5.9

poor

8.2

poor
+
10.4

3~>

died

died

Lab. data
Maximal BUN(mg%) 27
Ca (mg%)
Mg (mEq/L)

65

155

195
8.410.7

2.17+£0.29

234

Pathology
Tubular necrosis —

Subcapsular necrosis
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“Table 8. Ultrastructral changes of proximal tubules
by DDP(5mg/kg) administration

Days after
injection 2
Findings

%)
Y
L4

Loss of microvilli
Mitochondrial irregularity
Endocytotic vacuole
Protein granule
Phagosomal increase
Dilatation of ER*
Necrobiosis

Fat droplet

| W = & H
W+ T oEF

|

l

o oo E o+ EF

Widening of basal infolding —

+ 4+ 4 F= ok F 4+ FF

Loss of tight junction —

* ER: endoplasmic reticulum

A 49 o2y FElstd Az, JAF infolding
A4ary goiAs AAstdch 243 (glycogen
particle) ] 44L& AZe] Wt 4z Aol onvt A

2% vebgos, Az PE5e) 2R (tight
junction)= A 5o o34 Fol A WelAF] A g
}.

I ok

—

=
Axgg FAoR T n}]oﬂ Vel A el AE Al
49 4 (hydropic degeneration)=} brush borders] &

AxAs H94 Wdelgsh Fo9 DDP
£2] AAA Y Frtel wepa] o] E WHAA A

u:]x-] ,gﬁ-lo:l

R L
s

! e
24 Az A@eAc o

&
4 2 oloh =9 2A el FAH e
FHE ugx, FA A% $AY AxFE
oA fAzAe] BAs G Tl Fohe] et
29 ARz FA4E 45 AHAZ HH4
fAe WAe gl 852 24 gAY &AHx,
AL e 4 By QF5F ohF FAH
=ogialeh. =g AdAzAFAAG 2 EH el &8
QB £ A4 W= o] §4 £9 4 (dysplastic change)
o] FAef o) Ql%Th

29 9o FAPvAA £AL vietes Aq W

8 3 A3 2 AP Fol 5L ZAS
%)%} DDP 5mg/kgs Fo 3 & 2~5U el A A v
Ble A T2y AAA H3E A FAL=E
ARGt v ERY FEAH 24 Y WHL2 &
A 2L R el AFsd et o= WA AF
Ag T4 D8} obg] olo] it FFE
o 24, A4 A9 Fr), g4 LA
Z7tg g Aerel F3o] vtz Aoz M A
A2 o] o FEHHYE dAFE Ut olF
G4 Azt Aafe whet AFE A AFE e
A Z.9] necrobiosise} AwA= e Zrprt A 8 LA FH
5157 A#Aez Ad4~pdA FEE AAY FE
(basal infolding)8] ##+} tight junction®] x4%&
Holz T
ol 4 ¥ W HA #HeAA AL AT Z
Hate] AE g g, DDPFofd] &3] okr]s =
AR £49 27 2H5E ALY A4
st 59 Az vA Qe H3E Fzee FrudF
29 Wad 2% uAFre A& Fubshial A
Aty Fasr FHFLY o0 Mg ez et
, =48 FErt AAARA S xAe S, A
2 29, zgx HA4 dyder olPdtx gl
3 ESA et WA xs) §2 4242 DDP
17 ALz odAg ¢ Ao AxxE
fae] FEEE oAy WAz oA
Cis-diamminedichloroplatinum (1) (DDP)& 3%
Fa24 464 $ A platinum Fo gz ¢ry
o} Rzt £l cis- Ao WA=} Qe F7
3¢5 24, 19659 RosenbergFel 24 platinum 3}
FEo] AT F4L dAGdE 22 AR 9
& 4% AYA Fg el FEFE mzh HE
3lon, DDP: 432 Aal 34719 platinum 3} 3E
ZoA A TEFE EAZ ez g A+
(LeonardS, 1971). @Al g& s ao]r} dhatA
ATl & A &% AYY FFAA Z7E e
o 53 da g %l'u, AR, waek 9 Q4e
£ 9@ dsbFe] ol 2 2R 3 5 84 (Roxencweig
%, 1971; Holland , 1082) A&=z gt 59 w
Zoe HABde 713 EAdE dEFd e 4A
Hx gden dE JA5E HYd da2g AAdHE
DDPY mh% oz 28~63%8 Z7E % 4 gz
g (Wiltshaw S, 1979; Young®, 1979). DDPE&
cell cycle phase independentdt ghotAl =4 F¢F 2 A
EAL% Y E 7152 DDPY ATz #HA Hy
o]zl Z3E A cis-platinum FFAule] sl =z ¢

> BroM
lo gn =

A

3 =l

2 ooh B2 L

5
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£ E4ol¥ trans-platinume] Al & o]zl E4eo] g
Aoz <yx th(Leonard%s 1971). #44 F47]
Aol wieted AP dF7E2 DDP7} DNAZY &
At AEEde FLezx F2F aAxs s
Woka A zetz 3l evi(HowleE, 1970), Rosenberg
= FHAZA A3 AEEA g3 FFA T F94
2 FAAAA " EAFe ¥ o] st A
Hoza FIAzH FLche AL FRtzz
-G

41 v} (Rosenberg, 1973).

DDPE- FFof B4 & 2 222X E Xvl mice
Az o F 1Az eldlel 7, 4 2 9 FHAA
EE ¥ W7l = 2 (Schaeppis, 1973) AdAde 4
oA 7t T FrE 2 ovhgel 7, dl 9 He se
= ARt ¥ (Speers, 1975). <A oA = DDP
FedF o4l 4 A 2L sEE fdHz F
FAZARE F FostA gevz e FAE 64
Zhoelde] 20%E AFNE ez sz vyeiA

FE(90%)¢ ¥ S A A% FdE 4A

c} (DeContis, 1973; Piel%,

platinum-% F347 &

= 2483 B2 Ao woba Ao 24N 2L
z o DDPo} A& A /E%’H"] oo}

g A2l DDP% 3

X gt} (Rossof =

5 3o FF4E0

o rir
of o

rl
n
{e]

N
=

ol
X
v10
2,
i,

o5

-Ir
o,
)
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by
—

1912).
At gte] Al
7151 o] (Brennerd, 1981) 4
7b7h¢  platinum 9 4] s A s =
gl o7 o] Z1o] DDP2] 4458
2 gleh

1971d Kociba 5ol

Ho
o G-
wr
=
b
HE
il

i o
o o

Wl N e R ek
o N,
2
X
23
n
o,

&l M2 ¥ws 9y 2 % Leonard%o] DDPej o
3 Al EAe 2 Foaksh fAC g Sg 2wg ol

2 3l
(Leonard% 1971) & < Fdl A% o] Alde] #Halx
ol e} (Shaeppi%, 1973; Ward%, 1976).
WAl &% kg 12.2mgel DDPE Fol 3 F 494
o] BUNA 7} 4l 2 F78ha 209 A of &
obgr Mejdd 2dezE Aduzt HA47 A
v LD # % kg 12mgol etz 2289 22 (Kociba
=, 1971), LeonardS& W Aefa H = 1kgd kol
0,5mg & Imge] DDPE E70 2 FaAg A S+
A% 9 Azde He s LA ofFw #IHst
ol ot, A& 1kgw 8}Fol 2~4mge] DDPE H74
2 FofenE Fo{ ¥ 5Use] BUNAZE 4~5] 2

Kociba%s &

BAen F

Ultrastructure of Cis-diamminedichloroplatinum-induced Nephrotoxicity—

Zrhabd A 28 AAxzte #4d 2 FAAE e
¥, A% lkg¥ 5Smg, 10mg ¥ 20mgs] DDPE &4
EAE Bodg ASdEs APF 7~102 Abold
BUN= 7} 82mg%, 167mg% 3 167Tmg%= 47 F7t
A mAstAz F4 Anpe] AAdxAg 2l
Z stgich o]l 5e &Y EEL Aoz AAHY
AA WHE HHF v HF kg 10mgs) DDPE +
g F 464 7o) 9 Al nD Az AHA L F
E8 7} ;s = 724 7k] A = brush borders] 44 ol
2 29 Amate] 9hAHE el wAE g A
% 4 g 9lvhn @} (Leonard%, 1971). =&+ Ward
219778 nxme e #WAel AF lkgw 7.omgd
DDP& 2712 Soidt ol A 4§ 544 BUN
A AFFA HoAd 2 F 1594 Aoz

5 Eofrte LDgpd AF lkgd 7.7mge s 2RdR X
DDP= % lkg% 3.8~4.8mgg 3~7F 7k ol F 13
2oddl ASelE S AdA AR TEAY P
A 3 2 53w e Adne o3
3B 2 A2 e AA=RY S5 E F A9
35l e

7N <k T_’L"] A Ax deo] DDPr 53 & vhehd
= F A7je 7H°ﬂ/~1“ FA Axs FHobs FFF
= e %“’] ol 4 & 4 % (nephrosis) 3 & 24
Algol 272 Helvts Bzt gesl, AdFAR
A E= A ImP3 50mg o] W& cis-platinum& A8
ool 4= BUN=Z 8| =357} ¢lert 50mge] 4] ool A
= BUNAZ o5 A47 adolAdes Ad=d
Azel W4 o AL FF3 ﬁfﬂ w4 A 7
Ae 2AE xoly A4 A Hew Axa A4
2 A sA g Fxge ﬂ] o+ brush border
9 microvillig] 4Ao] Ez5e “°D'i AR AL

o]t Eo|g Watsl mold githn ¥eh(Rossof s,
1972). Wehal Arstel A= DDPe 13 A= 54 &2
& A 24A 1m*E 100~200mge 2 A gahel A&t
5 9l ot (Himmelsteing, 1981). =3t
=ML 1258 ¥ FoF 2 oA
DDP(0. 5~2mg/kg/D) & 1~643F
o Zga Heda diteA 49 F
ARy T4 A4E 2z g A
FAAE F2 29 A A

AAE 19 Axse] F2 AY=

= 1081). ol A=A 94 3
Qdujo] hElrte 276 A28A, Bn, A4x
# Az xaES gl A% F
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o FEe] Hu} 3~aMY D FEo AdHAY ©L
%2 DDPE 831 AY He Fo 4oz BEAA
AT Al Ay HEe] =HA g A5 drt
2 &} (Highy%, 1973; Madiass, 1978). Kovach
E(1973)2 A EHEH 1m¥*%F 50mgs] DDPE 13 %4
B FAe] 25%e] A FoF 1~2FY Aele] slYAH el
AAYFo] VedgE 2zslg =, Hardakerts (1974)
2 Holhd shdgtg 1A 51419 Aol 4 DDP(0.25
mg/kg/D)E 597 F4H8 ¢ BUNX ¢ €3 crea-
tinineA 7} Zr7 6lmg% 2 5Smg% 3 Fosbd A 27
ol At Fol = 750 HEHA gE % 2z
3 gt

Platinume] &3k F4 449 g dy 14
oF #F dFe T3 AFHo e 4dise d
dichromates} 72 FEEd g F4 ARFGA 9
7to] renin-angiotensin Al & %3 renin ¥4 A28 &
7h2 Qdt AFA 9735 e ¢ AdAs 54w}
7R AEFFY Farl Yoz Az Yo
= (Madias%, 1978) o1& FAolA A7 A4+ &
284 2 A dld #4A9 i tge] AF
AE dag = s 2L 9t g Az
A7+ o} (Piel 5, 1975; Roxencweig®, 1971; Hayes
%, 1976; Merrin, 1976; Corder¥, 1976). 3% Taylor
T2 Yol A DDPE Fof 3k 244 7 F0] 41739] DNA
FAeo] g2 2089 12 422 I~T7AdFol & 5
s8] DNA ¥4 dzAu 16z Fdg 23
stz ol W4 ez DNA §4¢ F75e & 4
a9 F4 ARt Fastz wxdtz 9o (Taylor
%> 1976).

ol2{ g DDP9 4548 ouslr] 18 o2 A=%
o] Rxxz gled e £ g w4 AFAA
A&} 7to] mannitol(Hayess, 1976; Hayess, 1977)
& furosemide(Ward%, 1977) F2| olxal Koo
adet Jetadars Ao 44 (Piel -, 19755 Starks,
1977) % mannitol = o] ) 9] ul by (Merrin,
1976; Corder%, 1976) 5ol o= 2AlshgEel & A
Ese] grh

DDPel &% A54-8 o ustr] st AAAELS 4
3 FAFE A¥EF 3dFG 5 AF 100g9
10ccd] 58 Ao Fodlsl Al (Waynforth, 1980)
DDPE A& 1lkg9 5mge $4317] 302" furose-
mide(12. 5mg/kg) & #H3FA etz AH 5UdA WA E
E4slgd ul, ®HF BUNA & 25+3.4mgz 9 37)
gz e zAddonr Ay 429 AMxt
F4HA A AL FAHA gt #ekM DDP

239 F4FFF o £o furosemide Fo} & DDF
of g AEHE d4E 57 At 2AE T
Aoz Fodgd. &g 4 4H7]1H L furesemide
o] olxAge] 71al@cls] Brte furosemides] &
platinum®) Aol A AA WAL Aoz A
of Geg FAY = Adond MEd HY S¢S
Fed Jld@gdE F42 i (Wards, 1977).

A AL AelwWart AR s3] AuEl =
et BA 9ol M 6~847 Fos AAEF T4
2 ¥ mannitol (37.5g) = furosemide(40mg) & A
% lkgw 1g9] cis-platinums} F Ao FoiFezsy 2
A7 TEY shg Fagghe] el Aoy
Az Aelge] FABHNE & & AUHE B
5= gl (Merrin, 1976), Hayes 52 & X 25 w9k
W 6198 FAelA A kgD 3mg AT E L oF
9] DDP% mannitolsr A ¢ Fof3le olxd &4
Aezx gAAA EA creatininex| o] G5t vpebrt
£ e e A54¢ Y274 DDPE A4 A &3
of & 5¥EF 4Rz 3 (Hayess, 1977, =@
dz FF(=H, da P FALSLE) f347E0A
DDP Fof Ao} 1~209 +HE¢ FAFF Azt 10g9
mannitol 2 A F lkgsd 2~5mge] DDPs}l 7 Fo
Fomsd & 75339 A5FdE AESAdel FUYF
5 dduvieE ¥ 5 ¢ H(Hayess, 1976). = T 5
# Alge] A DDPR 3] 64 kAol S5 A2
penicillamine & Fo 3 2o 24 penicillaminee] DDPg}
chelate3d} 7 v} AM x 3 A Zof DDPe} AA Aoz A
ggezn AEHE FY F A0 Bz UL
o (Higby, 1975), #AlolA watdelt alsiAel
protectant WB-27212 Al-£3lef AE4HE HA3A
AE£AASE 2Riast g (Yuhass, 1980). 3 2o &
miced] 4| sodium thiosulfate’} DDPell i3t A4 EA &
F9 4 = Bz¥e) (Howells, 1980) Abaed 4
27 FE 53 dayd #AY A4 FHAY
thiosulfates] A4 H¢l Fo2 B2y DDP 55& ¥
ol A FAd AFAZ € 7 ULl RzH3itt
(Howell 5 1982).

53 StarkS & Aol et A 15564 A o4
A Aol G+ UE 14 25 F4%8F DDP
(20mg/m*/D) & 54 F#t= =) 3Fmtet F 4934
A A8E A A A7FE 2AE, sMA 25
g AR e gAY AT AR g Fielw
4 AAxF A5 olde FAEHA gkm, o=
ARl A EHt gov Fd FAZA Fgg 9l
< Aoz ¥3%z A8 e 542 & FAS HA
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928 Zeoz A2tz Qi (StarkF, 1978; Chiuten
= 1983). =8 32 Gormleve DDP(70mg/m2) & F
37l AFo 124 7% AHes T4 FAE A
DDP Xei3d}7] 14 7+& | furosemide2} mannitole ¥
&tz cis-platinume] A} A£EL £33 v Fo31
£ ¢ R FAAFAE AH L g0l 30~70ml/minZ
Zov RaF 447 FE 3+2ml/ming dei g
rudtdAd FodF g AT 93 g As A
slod o] o2& DDP7F o) )4 HtsA gedtx &
A&t cisplatinum® FHEEES F4F 2 A Felqt
Eoog o 7lzle] AdFels T4 AXAL Ad
Ao Aoz xwitzm ¢ ot (Gormlev, 1978), A7i%
9 Wzl A3 Busl Hol¥r] FPEx AAZ Az
29 9 platinum F=9 A543 #A & o7
= oA gt

2z AR dAelA Fe AEAo] i metho-
trexater} aminoglycoside® DDP8t &4 Fof &4
A=Al Fr1d 754 & A74E + 2w (Kociba
%, 1971; Houghton%-, 1976; Benett, 1981) & A¥
A= DDP¢ ¥4 gentamicing H % lkgd 40mgE
28 B¥ste] i HHFA4E F A5 S 4%
£ A4 v AYF 594 97 BUNA 7L 195. 6%
27.8mg% =4 DDP=t5  Fof T(155:+14. lmg%) B}
Z7har3 A (P<L0.05) Wl 2484 AL 6
A BAEE ukel el ¥ Ad HEE JAY 7 U
gt webd o4l A platinum AHgA e AFA
o] & gAY F44 5 Flgk FEL ol AL
HE AEAd dg 2ok AUk #AAe] da G Ao
Z AsE

ol 2|3t A EAo] 4ol A DDPe] o uby (4] &
%, FALE, Fqd$E, 504 @ AA4F)E 23
3t Fo% 890 = ef (Hayesd, 19770010 =gt #
W A7 Adso] gheon, ez AFH L
deoewd #§FF f53s 2 2oh A =2 platinum W
2] A §2-g4 (coordination complex)sl 7)ol 8 -5
o] cis-dichlorobicyclopentylamine platinum(PAO)-&
B2 2D Agds d¥stgot dikdez AdHE
Sellol & 2 Hx] gemdA FAG £ F5EA
oF 3 wFolglE EalAe] gler, platinum blues A
Ao A 54 =& gdler] gz AAHeE A
HAq RALoe] Ve A¥E Faddx, Malo-
nato(1, 2-diamminocyclohexane) platinum( 1)+ Hitt
Sol e T2 FFAA faksl FHE] Aol A
AL 4 Qe S A4 A% d4H AR A
3 Zd 9z ge}(Marx, 1976; Schuring®, 1980;

Roses, 1982).

Al 54 9o DDPoll o1&t wiat4] FAE oz ztg
A8 & (Rossof 5, 1972), A %% % % (Roxencweigs-,
1971) @ A vtzv) % d 5 (Brenners, 1981; Dirkss,
1983) %5t 2Zzsle] YedH £ AFdAE Q=T
BT B 24A7 110mg%Ad o ¢ A3 (DDP,
7.5mg/lkg)ol A8l HF A BEAE 8 4£0. Tmg%
2 ZGad e 4+ Addev(PL0.05, €4 otz
HaAes dazdast ol AP Fase o
A gkth ol & vl #A4L J€EdE LAHE
A AAE F&xHA gReAE 4 57 Ao &
+ DDP A} &% AvtavsFe] 3 A% FH7 4
He 5 F4o] vevA stz ge Fd2 FA7
FAFAAGE Bast e g, ol gentamicin
B A g o] platinume] 2] 3t vlzul] 2] Al A 3 whel
Aol AeAql Fgeldd &% zlen A4z gl
(Benett, 19810,

AEA oz DDPFoo] 218 Ausi g 452352
9 Asddy HAAE ugo R dtd Fod gy Frl
e} o d Andzx e Az 254 £
Aol Fleidt A4 IR ol ARAHeE F4
LR

2l 283% THFF 3 furcsemide Fo 2 A5
4¢ F9 = geos DDPAEA AF4 FAA &
o] W& A ZAE A AFTAHS

| 2
Cis-platinum Folof o8 4¥F AAxd £49
EAL AAANT )5 olATF2E HIHE 97

&) A4S 1kgw 2~20mg®] cis-diamminedichlo-
roplatinum( I )(DDP)& @A 8] B2 o3 FA3
= FA3 14, 39, 59, 79 ¥ 9¥A ] T4t A
Moo H3E ¢ 4 AAEnAA oz FAEH
o} &7 ¥4 BUN, &g 2 vtazv #3 & 5434}

=3 DDPR oo g 4549 oy =3 43t 2
g 244 93t SR FF 2 furosemide(12. 5mg/
kg)st gentamicin(40mg/kg)-&  FH&FAste A7 5
g A£de) 35 & FAstgch

1. DDPt%Sofoll o sted BUNE o kol ule 5t
o Aesigdent Az FaEded, dF Agd4
= A 2Fd vl gadts e RE=, 45 w9
o] A& foJ g Weks welA gtk

2. DDP#oe] 93 Al&4e 7 2eds 44 A5
A2 T FAxwe F4W A7 brush borderd
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a4¢ FHAezg Hy4g Wiz aomglet, Fo
o) Z7lo) wet FAxFe] A Sz IA4E F
wetg 2 H ket Akt AR o s
3. AARAv| A ez 29 FARRY wilz AF
Ao A5 g, A FUh HYAD
g jnFe wag TE stz e DDPe F
748t Aol Al wel AR Frh AZTY
sl @ HAE 2% B3 F4Ee e gEe &
A¢ DDPY £49 =iztg A E7t Holer AXZSE
Ao £ao] WE oA W e o 45 sl
4, APYAF F2FF o Bl DDPGmg/kg) & F
o 8}7] 302 A o] furosemide(12. 5mg/kg) & I 3FAF
A H Foll A= BUNA S dales oz Muekt &4
~°4 A2zt i Fel A xAE Aw e
. AE7 7 5k WY gentamicin(40mg/kg/D)E
DDP(Smg/kg)Q]- FAo] Foid AP FANME AEF
545 3 BUNA > DDPtE ST rRo F7hahd
A A mzA Y wezFetd wax B9 A8k
o] 2] Atz v]Fol DDPY Fodo gllef ofr] s
= oaAnye Ardaze 29 FAnde £44 w
go g dte] Folgry Frbel whel slorel A il
AR S sy Az TEAY Ee F1E A4
AR Aol 7} FlEAA LR FH Y
vetrtAd 2Eg o FF5 furosemide Fof 2 A
B4 F9 F gon A4 FTAAL S0l dd

e &y 2 & A A B
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—ABSTRACT—

The Acute Nephrotoxicity of Cis-diam-
minedichloroplatinum in Rats.
An Ultrastructural Observation

Dong Seop Chei*, Yong 11 Kim**, and
Hun Ki Min*
Depariment of Internal Medicine® and Pathology**
College of Medicine, Seoul National University

Seoul, Korea

Cis-platinum(DDP)-induced acute nephrotoxicity was
made in rat to reappraise the nature of ultrastructural
alterations in renal tubules.

DDP was administered to Fischer rats intraperi-
toneally in doses ranging from 2 to 20 mg per kg
of body weight, and animals were sacrificed on the

1st, 3rd, 5th, 7th and the 9th day after injection.

At the time of sacrifice the changes of the level
of BUN, serum calcium and magnesium were obtai-
ned. Additional studies were carried out to evaluate
the preventive or modifying effect of cis-platinum
nephrotoxity by hydration, furosemide and gentamicin.

1. In the single dose of DDP-treated groups the
BUN levels increased in proportion to the dosage of
DDP, together with a tendency of low values of
serum calcium.

2. The basic renal pathologic changes by admini-
stration of DDP was confined to the proximal con-
voluted tubules in deeper cortex at initial phase, and
characterized by hydropic change and loss of brush
border. By inreasing the dosage of DDP coagulation
necrosis of proximal tubules followed and extended
to subcapsular portion.

3. Ultrastructural change of proximal tubules was
initiated by irregularity and rupture of mitochondria,
together with phagosomal increase, dilatation of endo-
plasmic reticulum and loss of ribosome; subsequent
increase of fat droplets, rupture of cell membrane
and necrobiosis followed by increasing the dosage of
DDP and with time lapse. Attenuation and efface-
ment of microvilli corresponding to loss of brush
border in particular was a sensitive index of tubular
damage by DDP, which was interpreted as secondary
change due to damage of intracelluler respiratory
system.

4, Subcutaneous injection of furosemide with pre-
hydration 30 minutes before DDP administration
revealed no increase in BUN levels, and renal patho-
logic changes were mild.

5. Rats which received DDP with simultanecus
administration of gentamicin showed the more increases
of BUN 5 days after injection in comparison with
the DDP-treated. group, and renal tubular changes
became more extensive.

The results indicate that the renal pathologic
change by administration of DDP was selective
necrosis of proximal tubules in deep cortex, which
extended to subcapsular tubules by increase of dosage
of injected DDP, and the basic mechanism of those
tubular changes was postulated as disturbance of
regeneration due to damage of intracellular respiratory
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system. Adequate hydration and furosemide administ-
ration proved to modify the nephrotoxicity of cis-
platinum, and renal morphologic changes by simul-
taneous gentamicin administration support that
nephrotoxic antibiotics are contraindicated in -com-

bination with cis-platinum anti-cancer chemotherapy.
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LEGENDS FOR FIGURES
Gross renal section shows a narrow pale zone besween arrows due to hydropic change of proxi-
mal tubule in the deep cortex. 5 days after DDP (7.5mg/kg) injection.
Close-up view of pale zone of Fig. 2. The proximal tubules undergo marked hydropic degene-
ration. H-E, x100.
The affected proximal tubules in deep cortex show hydropic degeneration and loss of brush

border.

. Multifocal coagulation necrosis of proximal tubules is admixed with hydropic degeneration. H-E,

x100.

High power view of Fig. 5. Tubular lining cells undergo coagulative nature of necrobiosis but
lined by intact basement membrane. 5 days after DDP (7.5mg/kg) administration. PAS, x400.
‘Tubular epithelial cells show megalonculeosis with abnormal chromatin pattern and persistent
cytoplasmic hydropic degeneration. 7 days after DDP (7. 5mg/kg) administration. H-E- x300.

. Ultramicrograph of proximal tubule, Two portions represent irregular disruption of microvilli.

Number of mitochondria is unevenly diminished and their sizes vary. N: nucleus, L: lysosome,
X 3, 360.

. Two cells (right upper and lower margin)} show reduced number of mitochondria, and a large

endocytotic vesicle contains compactly arranged mitochondria (M) with intact cristae. Several fat
vacuoles (Li) and dilated endoplasmic reticulum are seen. x5, 600.

Microvilli are more diffusely effaced, and intracytoplasmic organelles are thrown into the lumen.
by rupture of cell membrane. x 3, 360.

The condensed cytoplasm of degenerating epithelial cell contains irreguarly distorted mitochondria.

Increase of endocytotic vesicles and phagosomes is evident. x2,240.

— 182 —




—Chei, D.S. et al.; Ultrastructure of Cis-diamminedichloroplatinum-induced Nephrotoxicity--




t m 2
D trnumel

i iCl’llOr() a o)

i mine

i ram d

. Cis
i} o -
]

.
g

S T‘z’;




—Choi, D.S. et al.: Ultrastructure of Cis-diamminedichloroplatinum-induced Nephrotoxicity—






