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Summary. The comparative distribution and excretion of 
Carboplatin (cis-diammine-l,l-cyclobutane dicarboxylate 
platinum II, CBDCA, JM8) and cisplatin have been inves- 
tigated in Balb C -  mice following i.v. administration of 
the maximally tolerated doses (MTDs) of the compounds. 
Although the concentrations of platinum in the plasma 
and tissues during the a-phase were much higher for 
Carboplatin than for cisplatin, reflecting the difference in 
the doses used (4 vs 80 mg/kg), the tissue-to-plasma ratios 
were similar. During the [~-phase (1-10 days), however, 
both the platinum concentrations and the ratios were 
found to be similar for most tissues when cisplatin and 
Carboplatin were compared. The platinum concentrations 
and the tissue-to-plasma ratios of the spleen, brain, mus- 
cle, testes, ovary and bile, on the other hand, were consis- 
tently higher (two- to sixfold) after Carboplatin than after 
cisplatin. The highest ratios (>  20) were found in the kid- 
ney, liver, spleen (after Carboplatin only) and skin at 6 
days after treatment. Comparison of the two compounds 
showed that the half-lives of platinum in the plasma and 
tissues during both the c¢- and [3-phases were similar, ex- 
cept for the spleen, in which a nine-fold greater tl/2~ was re- 
corded for Carboplatin than for cisplatin. The main route 
of excretion for the two complexes is via the kidneys, with 
52% of cisplatin and 93% of Carboplatin being excreted 
during the first 3 days. The major part of this, however, is 
excreted within the 1st day. These results indicate that, al- 
though there are quantitative differences, the distribution 
and excretion profiles are similar for Carboplatin and cis- 
platin. 

Introduction 

Since its introduction into clinical practice, cisplatin has 
shown activity against several human neoplasms, particu- 
larly those of the ovary, the testes, and the head and neck 
[16]. However, this compound produces several dose-limit- 
ing toxicities, notably nausea and vomiting, ototoxicity, 
myelotoxicity, peripheral neuropathy and, in particular, 
nephrotoxicity [16]. A second generation analogue, Carbo- 
platin (cis-diammine- 1,1-cyclobutane dicarboxylate plati- 
num II, CBDCA, JM8) (Fig. 1), has been identified by our 
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Department as a viable alternative to cisplatin in cancer 
chemotherapy [5]. The analogue not only displays a broad 
spectrum of antitumour activity, but is also devoid of 
nephrotoxic activity in rodents in contrast to the parent 
compound. 

As part of the pharmacological evaluations of Carbo- 
platin, we have studied its distribution and excretion in 
mice following i.v. administration. Parallel studies were 
conducted with cisplatin, mainly to determine whether the 
comparative distribution and excretion patterns of the two 
drugs would provide an explanation for the inability of 
Carboplatin to elicit nephrotoxicity. 

Materials and methods 

Chemicals. Carboplatin and cisplatin were gifts from the 
Johnson Matthey Research Centre (Sonning Common, 
Reading, England). The compounds were dissolved in 
normal saline immdiately prior to administration. 

Tissue distribution studies. Male and female Balb C -  mice 
(20-25 g) bred at The Institute of Cancer Research were 
used throughout. Animals received maximally tolerated 
doses of cisplatin (4 mg/kg) or Carboplatin (80 mg/kg) via 
the tail vein (10 ml/kg), and were killed serially (3 per time 
point) by cervical dislocation. Blood was collected imme- 
diately from the axillary vessels in heparinized tubes and 
centrifuged in a Beckman Microfuge (model B) to obtain 
the plasma. Whole organs or representative tissue samples 
were removed and weighed where necessary. Bile was col- 
lected from the gallbladder. Bone marrow was prepared by 
washing out each femur with 1 ml saline. Plasma, bile and 
tissues were stored at - 20 ° C prior to analyses. 

Urinary excretion studies. Separate groups of animals re- 
ceived i.v. injections of the compounds as above and were 
placed in metabolism cages. Urine was collected daily for 
3 days and stored frozen until analysed. 
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Plasma binding studies. Plasma was obtained from male 
Balb C -  mice. Cisplat in (5 Ixg/ml final concentrat ion)  and 
Carbopla t in  (50 txg/ml final concentrat ion)  were added  to 
separate  p lasma pools  and incubated at 37 ° C. Free plati-  
num in the p lasma was determined following ultrafil tra- 
t ion at 4 ° C using Amicon  CF50A membrane  cones as de- 
scribed by Litterst et al. [13]. The combined free and 
reversibly bound  pla t inum was determined in the soluble 
fraction following the addi t ion  of  an equal volume of  cold 
tr ichloroacetic  acid (20%, w/v)  to a separate aliquot of  the 
incubat ion mixture. 

Tissue analysis. Samples were analysed for their  p la t inum 
content  using a Perkin Elmer Flameless Atomic  Absorp-  
t ion Spect rophotometer  (model  306) as described by Leroy 
et al. [10]. Plasma, p lasma ultrafil trate,  p lasma-tr ichloro-  
acetic acid supernatant ,  urine and bile samples were ana- 
lysed directly. Tissue samples (up to 200 mg), however,  re- 
quired pr ior  digestion in nitric acid (sp. gr. 1.4; 2 ml). 
Gent le  heating was required to complete  the digestion. 
Fol lowing evaporat ion to near  dryness, the digests were 
taken up in 1 N HC1 (2 ml) and again heated to near  dry- 
ness to remove excess nitric acid. After repeat ing this last 
stage with 0.1 N HC1 (2 ml), the digests were finally dis- 
solved in 1 ml 0.1 N HC1 for p la t inum analysis. The meth- 
od permits est imation of  total p la t inum metal  in biological  
samples and no at tempt was made to identify the nature of  
the metal  ion present. Protein content of  the bone marrow 
was determined by the Lowry procedure  [14]. 

Pharmacokinetic analysis. The p lasma or tissue concentra-  
t ion-t ime data  for p la t inum were fitted to a two-compart -  
ment  open model  using a non- l inear  least-squares compu- 
ter program [7] with 1/(C + Q)2 as the weighting function 
[15]~ A one-compar tment  open model  was used to fit the 
p lasma binding-t ime data  in a similar way. 

Results 

At maximal ly  tolerated doses, neither Carbopla t in  nor  cis- 
plat in  has any effect on body  weight or heart,  liver, lung 
and kidney weights (Table 1). However,  both  compounds  
elicit a decrease in spleen weights, which recover subse- 
quently. In the case of  cisplatin, this is fol lowed by a peri- 
od of  hyperplasia.  

The comparat ive  tissue distr ibutions of  Carbopla t in  
and cisplatin are shown in Tables 2 and 3. The init ially 
greater concentrat ions of  p la t inum after Carbopla t in  than 
after cisplatin are due to the larger dose of  Carbopla t in  
used. However,  during days 1-10,  the p la t inum concentra-  
tions in the p lasma and most of  the tissues were similar for 
cisplatin and Carboplat in .  The spleen, brain,  muscle, 
testes, ovary and bile, on the other hand,  consistently show 
a 2- to 6-fold greater concentrat ion of  p la t inum after 
Carbopla t in  throughout  this time. There was no sex differ- 
ence in the tissue distr ibution of  the two p la t inum com- 
plexes (data  not  shown). 

Plat inum from Carbopla t in  or cisplatin persists in the 
tissues for at least 10 days. This, coupled to the relatively 
lower half-life of  p la t inum in the plasma,  results in the 
progressive increase in the t issue-to-plasma ratios with 
t ime for most of  the tissues examined (see Table 4). Table 4 
indicates that the ratios for Carbopla t in  and cisplatin are 
similar  during the initial decay phase and,  for most tissues, 
also during the terminal  phase. Again,  in the spleen, brain,  
muscle, testes, ovary and bile there were consistently high- 
er t issue-to-plasma ratios after Carbopla t in  than after cis- 
plat in during the latter phase. The high bi le- to-plasma ra- 
tio may not be indicative of  the presence of  an active bil- 
iary t ransport  process for p la t inum since ga l lb ladder  bile, 
and  not canal icular  bile, was assayed. At 6 days after treat- 
ment  with Carbopla t in  and cisplatin,  the kidney,  liver, 
spleen (after Carbopla t in  only) and skin had both the 

Table 1. Body and organ weights following carboplatin and cisplatin administration 

Weights a 

10 min 1 day 2 days 6 days 10 days 

Body weight 
CarboPt 26.7 ±0.6 b 26.0 _+1.0 25.0 +0.6 26.0 _+0.6 26.1 -+1.0 
CisPt 25.3 ___0.6 23.7 _+1.2 26.0 _+1.0 23.0 _+0.5 26.7 _+0.6 

Heart 
Carbon 0.47 _+ 0.04 0.42 _+ 0.01 0.45 _+ 0.02 0.47 + 0.04 0.45 _+ 0.04 
CisPt 0.50 _+ 0.03 0.44 _+ 0.03 0.42 _+ 0.01 0.46 _+ 0.02 0.46 +_ 0.02 

Liver 
Carbon 4.76 +_ 0.55 4.59 _+ 0.03 5.14 + 0.28 4.89_+ 0.41 5.42-+ 0.19 
CisPt 5.67 -+ 0.26 4.77 + 0.17 4.79 + 0.23 4.74 _+ 0.32 5.40 + 0.25 

Lung 
CarboPt 0.61 + 0.02 0.53 _+ 0.05 0.56 _+ 0.07 0.56 _+ 0.05 0.57 _+ 0.05 
CisPt 0.61 _+ 0.03 0.56 _+ 0.03 0.56 _+ 0.02 0.68 _+ 0.08 0.63 _+ 0.12 

Kidney 
Carbon 1.69 _+ 0.15 1.53 _+ 0.01 1.65 _+ 0.20 1.53 _+ 0.13 1.70 + 0.13 
CisPt 1.77 + 0.19 1.62_+ 0.15 1.56 + 0.05 1.57 _+ 0.08 1.64_+ 0.07 

Spleen 
CarboPt 0.47 _+ 0.04 0.39 _+ 0.06 0.34 _+ 0.03 0.34 +_ 0.07 0.50 + 0.11 
CisPt 0.48_+0.10 0.42+0.11 0.30_+0.03 0.62+_0.21 0.80-+0.34 

a Values shown are in grams for the body weight, and grams per 100 grams of body weight for the organs 
b Mean -+ SD; N =  3 
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Tissue Platinum concentration a 

10 min 60 rain 4 h 1 day 2 days 6 days 10 days 

Plasma CarboPt 57.6 19.3 1.6 0.45 0.19 0.07 N.D. 
CisPt 4.7 0.94 0.62 0.31 0.18 0.04 N.D. 

Kidney CarboPt 154.7 40.2 7.0 4.8 2.8 2.1 0.96 
CisPt 7.3 5.2 4.0 3.4 2.0 1.2 0.87 

Liver C a r b o n  47.9 42.1 5.6 5.1 4.0 3.1 1.6 
CisPt 4.7 4.9 3.5 3.6 2.8 2.6 1.0 

Lung CarboPt 33.8 14.7 3.4 1.7 1.4 0.90 0.52 
CisPt 1.9 1.3 1.1 0.98 0.74 0.43 0.32 

Heart CarboPt 14.1 4.7 0.97 0.62 0.55 0.46 0.31 
CisPt 0.90 0.48 0.41 0.39 0.31 0.27 0.23 

Ileum CarboPt 26.5 22.3 9.2 4.5 2.1 0.58 0.34 
CisPt 4.2 3.4 2.4 1.2 0.98 0.32 0.23 

Spleen CarboPt 16.7 11.0 2.7 2.1 2.6 2.6 2.2 
CisPt 1.2 1.0 0.81 0.78 0.89 0.62 0.40 

Brain CarboPt 2.0 0.83 0.24 0.32 0.20 0.17 0.12 
CisPt 0.079 0.058 0.038 0.042 0.040 0.033 0.056 

Muscle CarboPt 10.2 3.7 1.2 1.5 0.78 0.57 0.39 
CisPt 0.57 0.31 0.32 0.28 0.18 0.22 0.17 

Skin C a r b o n  49.3 19.8 7.2 5.4 3.9 2.8 2.6 
CisPt 4.1 2.6 2.2 1.7 1.8 1.8 1.2 

Fat CarboPt 4.5 1.9 0.28 0.15 0.05 0.03 0.05 
CisPt 0.17 0.01 0.04 0.04 0.03 0.04 0.03 

Testes CarboPt 6.1 2.4 0.81 0.48 0.33 0.33 0.26 
CisPt 0.40 0.18 0.17 0.19 0.10 0.10 0.09 

Bone marrow CarboPt 0.160 0.102 0.039 0.023 0.009 0.011 0.008 
Cis Pt 0.012 0.012 0.008 0.010 0.009 0.007 0.008 

Bile CarboPt 22.1 28.4 23.3 3.4 2.0 0.40 0.36 
CisPt 3.4 4.6 7.5 0.48 0.42 0.06 N.D. 

The mean (N = 3) platinum concentrations are expressed in micrograms per millilitre for plasma and bile, micrograms per milligram of 
protein for bone marrow, and micrograms per gram of wet weight for the tissues. Standard deviations were less than 20% of the means 
N.D., not detectable 

Table 3. Tissue distribution of carboplatin and cisplatin in female mice 

Tissue Platinum concentration 

10 min 60 min 4 h 1 day 2 days 6 days 10 days 

Plasma CarboPt 76.1 14.3 0.79 0.36 0.23 0.13 0.03 
CisPt 5.9 0.59 0.38 0.30 0.16 0.04 N.D. 

Ovary CarboPt 49.1 13.9 3.4 3.6 3.1 1.4 2.9 
CisPt 2.3 1.4 0.77 0.53 0.53 N.D. N.D. 

Uterus CarboPt 52.9 25.1 4.8 2.5 3.2 1.1 1.1 
CisPt 3.3 1.2 1.0 1.2 0.58 0.78 0.43 

~' The mean (N = 3) platinum concentrations are expressed in micrograms per millilitre for 
weight for the tissues. Standard deviations were less than 20% of the means 
N.D., not detectable 

plasma and micrograms per gram of wet 

h ighest  p l a t i num concen t r a t i ons  ( 1 - 3  g g / g )  and  the  high- 
est t i s sue- to -p lasma rat ios  ( >  20). 

The  p l a sma  and  tissue p l a t i num concen t r a t i ons - t ime  
da ta  were  fit ted, where  possible ,  to a t w o - c o m p a r t m e n t  
o p e n  mode l ,  and  the results are  shown in Tab le  5. The  tis- 
sue half- l ives  o f  p l a t i n u m  af ter  C a r b o p l a t i n  and  c ispla t in  
are  no t  grossly diss imilar ,  except  in the spleen,  where  the 
13-phase half- l i fe  is 9-fold  grea ter  for  C a r b o p l a t i n  (1507 h) 
than  for  c isplat in  (173 h). This  result  is par t ly  due  to the 

d i f ferent ia l  effect  o f  the two c o m p o u n d s  on  the sp leen  wet  
weight  (Table  1). The  en la rged  spleen af ter  c ispla t in  results 
in an appa ren t ly  lower  p l a t i num concen t r a t i on  dur ing  
days  6 and  10, and  this becomes  t rans la ted  into a lower  
[3-phase half- l i fe  than  w o u l d  o therwise  be  expec ted  for  this 
c o m p o u n d .  

The  b ind ing  of  p l a t i num to p l a s m a  p ro te in  is shown in 
Fig. 2, and  the results o f  the c o m p u t e r  fit o f  the da ta  are 
shown in Tab le  6. Only  the  da ta  ob ta ined  wi th in  the first 
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Table 4. Tissue to plasma ratios of platinum following carboplatin and cisplatin administration to mice 

Tissue Tissue to plasma ratios.' 

l0 min 60 rain 4 h 1 day 2 days 6 days 

Kidney CarboPt 2.7 2.1 4.4 10.7 15.1 28.4 
CisPt 1.6 5.5 6.3 11.1 11.2 34.5 

Liver Carbo Pt 0.83 2.2 3.5 11.3 21.5 43.0 
CisPt 1.0 5.2 5.5 11.8 16.3 73.2 

Lung CarboPt 0.59 0.76 2.1 3.8 7.6 12.3 
CisPt 0.41 1.4 1.7 3.2 4.2 12.3 

Heart CarboPt 0.24 0.24 0.61 1.4 3.0 6.3 
CisPt 0.19 0.51 0.66 1.3 1.8 7.8 

Ileum Carbon 0.46 1.2 5.8 10.1 11.3 7.9 
CisPt 0.89 3.6 3.9 4.0 5.6 9.0 

Spleen CarboPt 0.29 0.57 1.7 4.8 13.8 35.2 
CisPt 0.26 1.1 1.3 2.6 5.1 17.7 

Brain CarboPt 0.04 0.04 0.15 0.72 1.1 2.3 
CisPt 0.02 0.06 0.06 0.14 0.23 0.94 

Muscle CarboPt 0.18 0.19 0.72 3.3 4.2 7.8 
CisPt 0.12 0.33 0.51 0.90 1.1 6.3 

Skin CarboPt 0.86 1.0 4.5 12.1 21.1 38.5 
CisPt 0.89 2.8 3.5 5.6 10.2 50.3 

Fat CarboPt 0.08 0.10 0.18 0.34 0.27 0.42 
CisPt 0.04 0.11 0.07 0.14 0.17 1.3 

Testes CarboPt 0.11 0.12 0.50 1.1 1.8 4.5 
CisPt 0.09 0.19 0.27 0.61 0.58 2.7 

Ovary Carbo Pt 0.65 0.97 4.3 9.9 13.5 10.7 
CisPt 0.39 2.4 2.0 1.8 3.3 - 

Uterus Carbon 0.70 1.8 6.1 6.9 13.6 8.7 
CisPt 0.55 2.0 2.6 4.1 3.6 19.6 

Bile CarboPt 0.38 1.5 14.6 7.6 10.5 5.7 
CisPt 0.72 4.9 12.1 1.5 2.3 1.5 

~ The values were derived from results presented in Tables 2 and 3 

8 h following incubat ion of  cisplatin with the p lasma were 
used for the computer  fit, since the results obta ined  after 
this t ime did not conform to a monoexponent ia l  decay. It 
is clear from Fig. 2 and Table 6 that irreversible b inding of  
cisplatin to the p lasma proteins is more rapid  (tlk = 3 h) 
than that of  Carbopla t in  (t~A = 4 4 - 4 6  h). The concentra-  
t ion of  p la t inum from cisplatin in both the p lasma ultrafil-  
trate and the supernatant  fol lowing tr ichloroacet ic  acid 
addi t ion  to the p lasma are alamost  identical ,  indicat ing the 
absence of  any reversible b inding of  cisplatin to plasma. 
In the case of  Carbopla t in ,  however,  the p la t inum level in 
the ultrafi l trate is lower than that in the acid-soluble  frac- 
t ion by about  16%, which represents reversible b inding of  
Carbopla t in  to plasma. 

Urinary  excretion of  p la t inum after Carbopla t in  is sim- 
ilar for the two doses that  were studied (Table 7). The 
3-day cumulat ive Pt excretion after Carbopla t in ,  however,  
is about  two-fold greater than after cisplatin (93% vs 52%). 
With both compounds ,  the bulk of  the excretion occurs 
during the 1st day,  with only 1%-2% of  the dose being 
el iminated during the next 2 days. 

Discussion 

The dis tr ibut ion and excretion of  cisplatin have previously 
been studied in mice [6, 8], rats [4, 12, 18, 20], rabbits  [7] 

and dogs [12, 17], and our results with this compound  in 
mice are general ly in agreement  with the repor ted  data. 
Fur thermore,  the results of  our comparat ive  study demon- 
strate that the distr ibution and excretion of  Carbopla t in  
are tempora l ly  similar  to those of  cisplatin. There are, 
however,  substantial  quanti tat ive differences both in vitro 
and in vivo which distinguish Carbopla t in  from cisplatin. 
In  vitro, irreversible b inding  of  p la t inum to mouse p lasma 
is more rap id  with cisplatin than with Carboplat in .  This 
f inding is similar to that repor ted  for rat [3] and  human 
[19] plasmas. It is unders tood  from kinetic measurements  
with cisplatin that  the l imiting step in either the general  
b inding  of  p la t inum to macromolecules  or the critical cy- 
totoxic interact ion with D N A  is the rate of  chemical  con- 
version to the active p la t inum species [9]. Since this would 
almost  certainly also apply  to Carbopla t in ,  the observed 
differences in the rate of  irreversible b inding of  the two 
compounds  is p robab ly  a function of  the greater chemical  
stabili ty and,  therefore,  lower rate of  act ivat ion of  the 
analogue as compared  to the parent  compound  [2]. In  
vivo, the greater stabili ty of  Carbopla t in  is, however,  
compensated  by the higher dose requirement.  Irreversible 
b inding  probably  accounts for the long [3-phase half-lives 
in vivo for p la t inum in the p lasma and tissues after 
both  cisplatin and Carboplat in .  
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Table 5. Computer-derived constants and half-lives for carboplatin and cisplatin following a two-compartment pharmacokinetic analysis 
of concentration-time data 

Tissue Pharmacokinetic parameters 

A c~ t l/2c ~ B 13 t ~/2~ 

Plasma 
CarboPt 58.80+_ 8,5 b 1.02_+0.08 0.68 0.47_+0.08 0.014 _+0.002 49.5 
CisPt 6.02_+ 1.18 2.61_+0.41 0,27 0.51_+0.05 0.019 _+0.001 36.5 

Kidney 
CarboPt 174.20_+ 33.7 1.52_+ 0.27 0.46 5.18 _+ 0.55 0.0073 + 0.0008 94.9 
CisPt 4.00_+ 0.84 0.43_+0.18 1.63 3.05-+0.31 0.0058 -+0.0008 119 

Liver 
CarboPt 60.00 -+ 9.0 0.89 _+ 0.16 0.78 5,1 l _+ 0.64 0.0047 _+ 0.0009 147 
CisPt 1.15_+ 0.73 0.67_+ 1.15 1.03 3,89_+0.34 0.0052 -+0.0006 133 

Lung 
CarboPt 34.80 -+ 4.6 0,93 _+ 0.13 0.75 1.88 -+ 0.20 0.0055 _+ 0.0008 126 
CisPt 1.05 _+ 0.32 1.14 _+ 0,55 0.6 l 1.02 -+ 0,06 0.0054 _+ 0.0005 128 

Heart 
C a r b o n  13.80 _+ 2.2 1.08 _+ 0.18 0.64 0.65 _+ 0.07 0.0030 _+ 0.0008 231 
CisPt 0.73 _+ 0.16 2.09 -+ 0.58 0.33 0.39 -+ 0.02 0,0025 _+ 0.0004 277 

Ileum 
CarboPt 25.50_+ 5.1 0.39-+0.11 1.78 3.71 _+0.66 0.0111 +0.0013 62.4 
CisPt 2.26-+ 0.48 0.18_+0.1t 3.85 1.28_+0.19 0.0079 _+0.0010 87.7 

Spleen 
C a r b o n  17.70 _+ 2.4 0.87 _+ 0.16 0.80 2.34 _+ 0.22 0.00046 _+ 0.00067 1507 
CisPt 0.39 _+ 0.31 1.43 _+ 2.29 0.48 0.93 _+ 0.09 0.0040 -+ 0.0008 173 

Muscle 
CarboPt 11.80_+ 2.7 1.61_+0.38 0.43 1,13_+0.13 0.0046 _+0.0010 150 
CisPt 0.42_+ 0.13 2.16_+1,05 0.32 0.26_+0.02 0.0019 _+0.0006 364 

Skin 
CarboPt 41.60 + 8.0 0.93 _+ 0.24 0.75 5.00 _+ 0.67 0.0031 +_ 0.0010 223 
CisPt 2.73 _+ 0.52 1.48 _+ 0.45 0.47 1.97 _+ 0.10 0.0017 _+ 0.0004 407 

,~ Results are expressed in micrograms per millilitre or per gram for A and B and per hour for et and [3, and in hours for t~/2~ and t~/21~ 
b Mean _+ SE 
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Table 6. A one-compartment  pharmacokinetic  analysis of the 
binding of carboplatin and cisplatin to mouse plasma 

A (%) c~ (h -1) t 1/20 (h) 

Carboplatin 
Ultrafiltrable plat inum 84,1 +4.8,' 0,015_+_+0.002 45.8 
TCA-soluble plat inum 102,8+5.2 0,016_+0.002 44.1 

Cisplatin 
Ultrafiltrable platinum 99.5 + 3.9 0.22 _+ 0.01 3.2 
TCA-soluble platinum 97.4_+4.6 0.21 _+ 0.01 3.3 

,' Mean_+ S D ; N = 3  

The  d i f f e r e n c e  in the  in v ivo  resul t s  b e t w e e n  C a r b o -  
p l a t i n  a n d  c i sp la t in  re la te  to  b o t h  the  u r i n a r y  e x c r e t i o n  
a n d  t i ssue  c o n c e n t r a t i o n  o f  p l a t i n u m .  E x c r e t i o n  is p re -  
d o m i n a n t l y  v ia  the  r ena l  route ,  e l i m i n a t i o n  b e i n g  a b o u t  
t w o - f o l d  g r ea t e r  fo r  C a r b o p l a t i n  t h a n  for  c i sp la t in .  This  
d i f f e r e n c e  is p r o b a b l y  due  to the  m o r e  r a p i d  a n d  ex tens ive  
b i n d i n g  o f  the  p a r e n t  c o m p o u n d  to m a c r o m o l e c u l e s ,  

Fig. 2. Binding of carboplatin (50 ttg/ml) and cisplatin (5 p~g/ml 
to mouse plasma in vitro. Platinum in the ultrafiltrate (UF) repre- 
sents free drug, whereas the TCA-soluble fraction represents com- 
bined free and reversibly bound material. Each point is a mean of 
three separate determinations 
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Table 7. Urinary excretion of platinum following carboplatin and 
cisplatin administration to male mice 

Time Cumulative excretion (% dose) 
(days) 

Cisplatin Carboplatin 
4 mg/kg 

5 mg/kg 80 mg/kg 

1 50.3±3.7 " 90.8±6.9 90.2±1.2 
2 51.2±3.8 92.6±6.4 91.5±0.5 
3 51.6±3.6 92.8±6.4 92.6±0.3 

Mean -4- SD; N = 3 

thereby reducing the amount  available for renal el imina- 
tion. With bi l iary excretion being minimal ,  it can be calcu- 
lated from the ur inary excretion that the amount  of  plati-  
num retained in vivo at 3 days is over two-fold greater for 
Carbopla t in  than for cisplatin (3.1 vs 1.3 mg/kg) .  This is in 
keeping with the observed higher concentrat ions of  plati- 
num during the [3-phase in the spleen, brain,  muscle, testes, 
ovary and bile following Carbopla t in  adminis t ra t ion.  In 
the remaining tissues and in the plasma,  however,  maxi- 
mally tolerated doses of  Carbopla t in  and cisplatin pro- 
duce similar p la t inum levels during the terminal  decay 
phase. Of  par t icular  interest is the similar p la t inum con- 
centrat ion in the k idney in spite of  the toxicological  signif- 
icance of this organ with cisplatin in contrast  to Carbo-  
plat in [5, 11]. This would suggest that the mechanism of, 
and  the subcellular target sites for, the chemical-biological  
interactions in the k idney may be quite different for Car- 
bopla t in  and cisplatin. 

Differences between Carbopla t in  and cisplatin,  both  in 
ur inary  excretion and in p lasma protein binding,  may de- 
rive from differences in the chemical  reactivities of  the two 
compounds ,  the leaving groups of  the parent  drug being 
far more labile than in the analogue. However,  such differ- 
ences in reactivities cannot  account for the greater concen- 
t rat ion of  p la t inum in some tissues after Carbopla t in  than 
after cisplatin administrat ion.  In these cases it may be that 
some tissue-selective activation o f  the Carbopla t in  mole- 
cule occurs. 

In conclusion, maximal ly  tolerated doses of  Carbo-  
plat in and cisplatin produce  similar tissue distr ibution and 
excretion profiles, al though some quanti tat ive differences 
between the two complexes are observed. These results, 
however,  do not  provide  an explanat ion for the lack of  re- 
nal  toxicity of  Carbopla t in ,  compared  with cisplatin. 
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