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Ah.1tract : To clarify the difference in nephrotoxicity between cisplatin and carboplatin. the pharmacokinetics of platinum. 

renal function and nuclear D A synthe ·i in renal cortical and outer medullary cells were studied in rat· which had 

received cisplatin or carboplatin. Male Sprague-Dawley rats were given either cisplatin or carboplatin intra\enousl) at 

an equi-toxic dose (LDw or LD\ol and were killed at variou times within 7 days after the injection. isplatin bound to 

pia ma proteins more avidly than carboplatin. Much more platinum was detectable in the renal nuclei arter cisplatin 

injection than after carboplatin injection. B and serum creatinine levels in the rats treated with .5 mg kg of ci pia tin 

were significantly higher than in those treated with 100 mg kg of carboplatin. Ci platin marked!_ suppressed the renal 

nuclear D A ynthesis both in vii'O and in l'ilro. when compared with carboplatin. It is concluded that the difference in 

nephrotoxicity between ci pia tin and carboplatin are related to their different inhibitory effects on nuclear D synthes1s 

in the renal cells. 

i ·platin i a widely used and highly effective antitumour 

agent. H owever, its nephrotoxicity is one of its major ide 

effect (Weiner & Jacobs 1983: Jane er al. 1985). Carboplatin 

is a new platinum-containing analogue, with good anti­

tum ur acti ity and decreased nephrotoxicity (Lelieveld era/. 

19 0; Calvert e1 a/. 1982; Curter a/. 19 3: Boven era/. 1985; 

Smith & Brock 198 ). Cisplatin-induced acute renal failure 

has been extensively tudied (Weiner & Jacob 1983; Daley­

Yates & M Brien 1985: J nes era/. 1985: Siddik era/. 1986 & 

1987). Pathological alterations following ci platin are local­

ized to the 1 segment of the proximal tubule (Weiner & Ja­

cobs 1983: Jones eta/. 1985) and the fir t change in S3 are 

nucleolar segregation and ribosome dispersion (Jane eta/. 

19 5). It is generally accepted that ON i the target respon-

iblc for the cytotoxic actic n of platinum compounds (Zwel­

ling & K ohn 19 0; Roberts eta/. 1986: Hanu· ovska & Ujhazy 

1987). These findings uggest that the effect of cisplatin on 

renal cell nuclear fun tion is related to tubular cell injury. ln 

the present tudy, the differences in pharmacokinetics be­

tween cisplatin and arboplatin and their effect on the renal 

nuclei were examined in order to investigate the mechanism 

of ci pia tin-induced nephrotoxicity. 

Materials and Method 

Drugs. Cisplatin ( ippon Kayaku. Tokyo. Japan) was freshly di -

solved in saline and carboplatin (Bristol Myers Japan, Tokyo, Ja­

pan) in S"·u glucose prior to use. 

Animals. ale prague-Dawley rats weighing 2.00 to 300 g. were 

hou ed with free access to ' ater and rat chow throughout the 

experiment. 

Pla!inw11 concentrations. The experimental animals received either 

cisplatin at a single do e of 6.5 mg/kg or carboplatin 80 mg/ 

kg intravenously under light ether anaesthesia. Each do e wa� an 

equitoxic dose and approximate to LD111• These doses were deter­

mined at Nippon Kayaku Laboratory (published in a Japanese 

journal) and Bristol :vlyers Laboratory (Davidson et a/. 19 '5). The 

treated animals were killed at variou� times within 7 days after the 

injection under light ether anae the ia. Blood was dra\\'n from the 

aorta to obtain plasma samples for the determination of the level of 

platinum. Aliquots of plasma samples were immediately centnfuged 

( 1.000 x g, I 5 min .. 4 ) using CF50A ultrafiltration cones ( Am icon 

Ltd.) for the determination of ultrafilterable platinum levels. To 

determine platinum levels. renal tissue and renal nuclei were pre­

pared as follows. Both kidneys were removed after perfusion with 

a buffer solution containing 0.34 1 sucrose. 3.3 mM CaCI� and 10 

mM Tris (pH 7.4). One kidney wa eparated macro copically into 

cortex and medulla. The separated renal tissues were immediately 

homogenized with a wharing blender and with twenty trokes in a 

loose Dounce homogeni7er containing 9 parts olume of buf1er 

solution (described above) at 0 . The other kidney was carefully 

trimmed. and cortical and outer medullary tissue was remo\ ed. The 

removed renal cortical and outer medullary tissues were immediately 

homogenized in the ame manner. and the homogenate was passed 

through four sheet of gall7e. and the filtrate was centrifuged at 

700 x g for 10 min. The supernatant f1uid was discarded and the 

pellet was re uspended in 2.0 ml of 2 M sucrose. I mM Ca I� ant.! 

I 0 m M Tris buffer with five troke in a loo ·e Dounce homogeniter. 

The suspension wa then laid over 2.0 ml of 2..2 M sucrose. I 0 mM 

MgCI. and 10 mM Tris buffer and the nuclei were sedimented by 

centrifugation at 6 .420 x g for one hour. Finall). the nuclei were 

suspended in I ml of 0.3 M sucro e. Platinum levels of \\hole 

plasma. ultrafiltrated plasma. homogenates and renal nuclei were 

determined by f1ameless atomic ab·orption ·pectrophotometry (HI­

TACH I. 180-70. Tokyo. Japan). Protein in the homogenate was 

determined according to the method of Lowry el a/. ( 1951) and 

the D A content in the nuclei was measured by diphenylamine 

according to the method of Burton ( 1955). 

Assessmenl of renalfimction. Renal function was assessed b; blood 

urea nitrogen (B ) and serum creatinine levels. The animals re­

ceived either ci platin at a dose of 8.- mg kg or carboplatin I 00 

mgikg intravenous!). The do e were approximately equal to LD,0 

to distinguish the difference in nephrotoxicit;. Control animals 
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recci,ed 2 ml -,aline. The rah were killed at I, 3. 5 or 7 day� after 
treatment Blood W<h drawn from the aorta to detcrminc B and 
'crum creatinine. BU and )erum cn:atmme \\ere determined b_ 
the urca'e method (Chane) & \llarbach 1962) and the alJ...aline 
p1crate method (Heinegard & Tidcrstrom 1973) respectively. 

L//cel o/11/llclcar D,\ A .\\'11the.11\. Effects of cisplatin and earboplatin 
on nuclear DI\A s:nthe�is in l'il'o were studied according to the 
method of L) nch l!f a/. ( 1970). Rats were injected intravenou.ly 
11ith eitha ci�platin at a dme of R.S mg kg or carboplatin 100 mg 
kg. and kllled after R. 12 . 24 or 72. hr in order to prepare the 
fraction or the renal nuclei a de�cribed earlier. Isolated nuclei 
\\ere mcubatcd with 0.016 mM 'H -dTTP (1H-deoxythymidine­
triphosphate) lil reaction m1xtures (0.5 ml) containing 0.1 M lri -
H I (pH 74). 4 mM KCI. 16 m\11 MgCI,, 4 mM 2-mercaptoethanol. 
2 mM ATP. 0.08 mM dGTP. 0.08 mM d TP and 0.08 mM dATP 
at 37 for 30 min . Reactions were stopped \lith I ml of I M 1 aOH 
and D, A was precipitated with 5 ml of ice-cold IO"•n trichloracetic 
acid. The D A was 11a�hed three times in I ml of I M aOH. The 
radioacttvit) was measured in the liquid scintillation mixture to 
detenmne 'H-dTTP uptake. The effects of ci plat in and carboplatin 
on nuclear D A S]nthe:.i� in 1'1/ro were !>tudied as follows. The 
r�nal nuclet i�olated from untreated rats were incubated with 5. 10 
or 25 p\11 of ci�platin or carboplatin at 37 for I hr. and then re­
lncubatcd With 'H-dTTP in reaction mixtures for 30 min. D A 
�) nthc�i� \Ia� measured b) the method previously described. Results 
are shm\n as a percent of '11-dTTP uptake by control nuclei ob­
tamcd !"rom untreated rats. 

Stall.lf/cal ww/y.11.1. The values arc given as mean:-.± S.D. Statistical 
dt!Terences were evaluated b) Student's /-test. A significance Je,el 
of P < 0 05 was accepted. 

Rc ult 

Platinum concentrations. 

Plasma concentration of total platinum after cisplatin or 

carboplatin injection decayed biphasically with a rapid in­

itial phase and a prolonged second pha e (fig. I). The initial 

and :-.econd half-life were 38 min. and 12.1 hr for ci platin. 

39 min. and 9.2 hr for carboplatin. Platinum in the whole 

plasma wa detectable for up to 3 days after ci platin injec­

tion but only up to 24 hr after carboplatin injection. Ap­

proximately 30"·o and 90"" of total platinum were ultrafilter­

able for the first 30 min. foiiO\o\'ing cisplatin and carboplatin, 
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Fig. I. Plasma concentration> of total (e) and ultrafilterable (O) 
platinum in thc rat at \anous time� up to 5 da:,.s after cisplatin or 
carboplatm mjcction. Mean± S.D. 
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Fig. 2. Renal ortex (e) and medulla (O) concentrations of platinum 
in the rat at >arious times up to 5 days after ci,platin or carboplatin 
injection. Mean± .D. 

respectively. The proportion of ultrafilterable platinum in 

total platinum after carboplatin injection decreased slowly 

and accounted for 53'Y.� at 8 hr. ltrafilterable platinum wa 

detectable for only up to 2 hr after cisplatin. but hr after 

carboplatin injection. 

Renal ti · 'Ue concentration of platinum after ci plat in 

injection were stable up to day 5 (fig. 2). The concentration 

following carboplatin injection decreased during thi period. 

Platinum in the kidney was detectable 5 day after both 

ci platin and carboplatin injection, and platinum levels in 

the cortex were almost the same as in the medulla. 

Renal cortical and outer medullary nu lear oncen­

tration. or platinum (fig. 3) for the fin 4 hr following 

ci. platin injection VI ere not different from tho e following 

carboplatin injection. However, to 72 hr after the injection. 

renal nuclear level of platinum were ignificantly higher 

after cisplatin injection than after carboplatin injection 

(P < 0.05). 

Assessment of rena/ function. 

BU levels of cisplatin treated rat· began to rise on da) 3 

and continuously ro e up to day 7. Tho e of carboplatin 
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F1g. 3. Renal cortical and outer medullary nuclear concentrations 
of platinum in the rat at various time:. up to 72 hr after cisplatin 
(e) or carboplatin (O) injection. Mean± S.D. Asterisks indi ate 

ignilicant differences between cisplatin and carboplatin with a P 
value of <0.05 (•) or <0 .01 (**). 
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Fig. 4. Changes in B r and serum creatinine le\els up to 7 days 
after cisplatin (e) or carboplatin (O) injection. Mean:!: S.D. A �ter­
isks indicate s1gnificant difference· between cisplatin and carboplat­
in \\ith a P \'alue of <0.05 (*)or <0.01 (**). 

treated rat were almo t stable. except on day 7. Serum 

creatinine levels of cisplatin treated rat were elevated with 

a peak on day 5. Tho e of carboplatin treated rats were 

within the normal range throughout the exp rimental 

period. There were significant differences in BU and crea­

tinine leYels between cisplatin and carboplatin treated rats 

on days 3. 5 and 7 ( P < 0.05). The re·ult are shown in fig. 

4. 

E.//(•ct on Ill/Clea r D A synthes is. 

The ynthesis of nuclear D A 1n the renal cortical and 

outer medullary cells was suppre ed at . 12 and 24 hr but 

was accelerated at 7?. hr after ci platin injection. Carboplat­

in did not ·uppre · D A synthesis at any time after the 

injection. There were significant difference· between cisplat­

in and carboplatin at 12 and 72 hr after the injection. The 

results are 'hown in fig 5a. 

D A synthe ·is by renal ortical and outer medullary 
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Pig. Sa. 1H-dTTP uptake in isolated renal cortical and outer medul­

lary nuclei in the rats after ci·platin (e) or carboplatin (0) injection 

in l'h'o. b. 'H-dTTP uptake in isolated nude1 after mcubation for I 

hr with cisplatin (e) or carboplatin (0) in ,·itro. Mean± S.D. ter­

isks indicate significant differences between cisplatin and carhoplat­

in with a P value of <0.05 (*)or <0.01 (**). 

nuclei isolated from untreated rats was markedly suppressed 

after incubation \\'ith 10 and 25 pM of ci:,platin in ritro. 

Carboplatin also suppressed D A synthesis in t•itro. but 

to a smaller extent than cisplatin. There were ignificant 

difference· between cisplatin and carboplatin at both con­

centration (P<O.Ol). The results arc sho'vln in fig. 5b. 

Discussion 

Fir t of all a preliminary experiment was performed to 

choose the do e to be u cd. Five rat. were injected intra­

venou ·ly with either cisplatin or carboplatin at a single dose 

of the LD�'" respectively. Renal dysfunction and weight loss 

were observed in all cisplatin treated rat· and alimentary 

tract bleeding was observed in all carboplatin treated rat" 

at 7 day after the injection. One of the cisplatin treated 

rat· died at 7 days. but no death \-\ere observed in carboplat­

in treated rats during 7 days. Ba.ed on the·e results. LD10 

wa chosen in the pharmacokinetic study to avoid the influ­

ence of renal dysfunction and gastrointc tina! bleeding after 

drug injection. LD,11 was cho en in the toxic tudy to distin­

guish the differences in toxicity. 

It is well-known that ci. platin produces acute tubular 

necrosis in the S, segment of the proximal tubule (Weiner & 
Jacobs 1983; Jones eta!. 1985). On the other hand, carbopla­

tin produces little or no kidney damage ( Lelieveld et a!. 

1980). 

Fo ter eta!. ( 1990) reported that human plasma concen­

trations of total platinum following cisplatin injection de­

creased biexponentially or triexponentially. Ut7nickova et 

a/. ( 1986) and Litter t & Magin ( 198H) reported that the 

plasma concentrations of total platinum following cisplatin 

or carboplatin injection declined triexponentially and the a 

phases of both drugs were of very hort duration for the 

fir t 10-15 min. in rat . The half-lives of total platinum for 

a.� andy phases in rats were 1.4 3.0 min . . lO 16 min. and 

40 hr for cisplatin and 2.0 6.5 min . . 25 -41 min. and 51 hr 

for carboplatin, re pectively ( Utznickova et a!. 1986: Siddik 

eta!. 1987: Litterst & Magin 1988). In our study. plasma 

concentrations of total platinum after ci plutin and car­

bophtin injection decreased bipha ·ically. This may be due 

to the failure to detect an a phase. because the platinum 

le els for \'ery early phases were not determined. The t1 , � 

of 38 min. for cisplatin wa omewhat longer and the t1 � y 

of 12.1 hr for cisplatin and 9.2 for carboplatin. were shorter 

than in previous reports (Laznickov{\ eta/. 19 6: iddik er 

a!. 1987: Litterst & Magin 1988). The ·e results may be due 

to the ·mall number of the plot. or the plasma levels. 

Cisplatin is known to be rapidly bound to plasma pro­

teins. The unbound platinum in total pia ·ma platinum after 

cisplatin injection accounted for 25"'" at 45 min. and O"·o at 

one hour after the injection in rat" ( iddik er a!. 1987). 

Carboplatin is considered to be slowly bound to plasma 

proteins ( Hariand et a!. 19 4: van Echo ct of. 1984: 

Laznickova et a!. 19H6: Siddik er a!. 1987). In our stud). 

the proportion or ultrafilterablc platinum in total pia ma 

platinum after carboplatin injection was greater than that 
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of cisplatin. The unbound fraction of carboplatin accounted 

for 90"·" during the fir'>t 30 min. and 53"" at 8 hr after 

the injection. The�e results indicate that the major part of 

carboplatin is present in the plasma as a form of protein 

unbound platinum for the first 8 hr. Eighty 90"1n of the 

carboplatin dose wa excreted in the urine v.ithin 4 hr mainly 

a'> unchanged compound (Siddik et a/. 1987). On the other 

hand. urinary excretion of cisplatin during the first 4 hr was 

much lm\er than that of carboplatin (Siddik er a/. 1987). 

Thi'> difference in urinary excretion seems to be due to the 

difference in binding to plasma proteins. 

The renal clearance of carboplatin seems to be similar to 

that or inulin (Siddik e r a/. 1986 & 1987). suggesting that 

carboplatin is mainly excreted b) glomerular filtration. On 

the other hand, cisplatin is considered to be excreted not 

only by glomerular filtration but also by renal tubular secre­

tion through the organic ion transport ystem (Williams & 

Hottendorf 19R5). Probenecid and cimetidine are actively 

secreted through the organic ion transport system and re­

duce the nephrotoxicity of cisplatin as a competitive antag­

onist for the secretion of ci�platin on renal tubular level 

( Rm.s & Gale 1979; Sleijfer et a/. 1987). These previous 

reports suggest that the differences in tubular ·ecrction be­

tween cisplatin and carboplatin might be related to the 

greater nephrotoxicity of ci<;platin compared to carboplatin. 

Siddik era/. ( 19S6) investigated the concentration of plati­

num in kidneys of rat� receiving an cquitoxic dose of ci plat­

in and carboplatin and reported that cisplatin and carbopla­

tin produced similar renal ti sue levels of platinum. I day 

and 14 days after the injection, despite the ten-fold differ­

ence in the do e� utili/ed. They also speculated that renal 

platinum levels did not correlate with the differential neph­

rotoxicities of the two compounds. In our study, renal ti sue 

lc\els of platinum after cisplatin injection were stable for the 

lirst H hr. The renal tissue level of platinum after carboplatin 

injection was about 3 time higher than that of cisplatin. 2 

hr after the injection. However, renal platinum level after 

carboplatin injection declined rapidly and sho\\ed almost 

the same \aluc:. a those of cisplatin. 3 to 5 days after the 

injection. The cause of' such differential pharmacokinetics 

ma) be due to difference� in the irreversible protein binding 

in tissue and our results agree with the previous report 

( iddik er a/. I n6) indicating that renal tissue platinum 

lc\cls have no relation to nephrotoxicity. The subcellular 

distribution of cisplatin and carboplatin in the kidneys was 

investigated (Weiner & J acobs 1983; Curter a/. 1983). The 

mitochondrial and the cytosolic fractions had the highest 

concentratiom of both ci-.platin and carboplatin and the 

distribution of both drugs to the nuclei were similar in the 

rats (Curter a/. 1983 ). Our results indicate that renal nuclear 

level-; of platinum, 8 to T2 hr after cisplatin injection were 

significantly higher than after carboplatin injection. Thi­

result suggests that cisplatin platinum may be able to enter 

the renal nuclei more easil) than earboplatin platinum. con­

'>idering that the injected carboplatin resulted in a ten-fold 

dose or platinum compared to cisplatin. 

Zwelling & Kohn ( 1980) clearly showed that the target 

of cisplatin was nuclear D A. However, little information 

concerning the in l'il'o effect of cisplatin on D A function 

is available (Robert· e r a/. 1986; Hanusovska & Ujha7y 

1987). Based on previous studies and our pharmacokinetic 

findings, we examined the effect of each drug on the syn­

the. i. of nuclear DNA in renal cells. Cisplatin suppressed 

the synthesis of nuclear D A in l'ii'O at 8, 12 and 24 hr 

after the injection, hut D A synthesis was accelerated at 

72 hr after the injection. D synthesi by nuclei i ·alated 

from untreated rat· wa markedly suppressed after incuba­

tion '>\'ith I 0 or 25 11M of cisplatin in rirro. These results 

indicate that cisplatin affects renal cell nuclear function. 

The acceleration of ynthe is at 71 hr might be caused by 

renal tubular regeneration, because regenerative cells which 

had clear nuclei and autophagocytic vacuoles were observed 

at 72 hr after the injection (data not shown). Carboplatin 

did not uppress the synthesis of nuclear D A in ri\'0, 

however suppressed it in l'ilro, but to a smaller extent than 

cisplatin. These findings support previous results showing 

that high-dose carboplatin can produce severe nephrotoxi­

city (Curt eta/. 1983; Siddik era/. 1986). The results suggest 

that differential nephrotoxicity between cisplatin and car­

boplatin rcnects the difference in the inhibitory effect on 

nuclear D A synthc i in renal cells. 

In conclusion, D ;\. is the target responsible for the 

cytotoxic action of platinum compound (Zwelling & Kohn 

1980: Robcns er a!. 1986; llanusovska & jhiiZy 19H7). 

There ma) be a imilar nuclear component to the mechan­

ism of S, tubular cell injury. The difference in nephrotmicit� 

between cisplatin and carboplatin cems to be related to the 

difference in the inhibitory effect on nuclear D A synthesis. 

The effect of cisplatin on nuclei in renal cells p i a)" an 

important role in its nephrotoxicit). 
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