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Summary. Mature Large White female pigs aged approx. 
10 months received single intravenous doses of 1.5, 2, or 
2.5 mg/kg cisplatin. The glomerular filtration rate (GFR) 
and the effective renal plasma flow (ERPF) in individual 
kidneys were measured prior to and at 4-week intervals for 
up to 24 weeks after cisplatin administration by renogra- 
phy using [99mTc]-diethylenetriamminepentaacetic acid 
(DTPA) and iodohippurate sodium 1 131, respectively. The 
left kidney of each cisplatin-treated pig and that of three 
age-matched control pigs was then removed, and GFR and 
ERPF values were measured in the remaining kidney at 
4-week intervals for a further 24 weeks after unilateral 
nephrectomy (UN). Pigs treated with cisplatin showed no 
significant reduction in GFR or ERPF for up to 24 weeks 
after drug infusion. As measured using inductively coupled 
plasma mass spectrometry, the mean renal platinum con- 
centration in the left kidney removed at UN was 
77.5 +9.1 ng/g kidney per mg/kg cisplatin. Histological 
evaluation of these kidneys revealed narrow interconnect- 
ing rays of interstitial fibrosis in the deep cortex and 
medulla; in these areas, glomeruli exhibited thickened 
Bowman's capsules and occasionally shrunken sclerotic 
capillaries. In cisplatin-treated pigs, UN was associated 
with a marked reduction in the ability of the remaining 
kidney to increase its function in terms of GFR and, to a 
lesser extent, of ERPF. The increase seen in GFR follow- 
ing UN in the cisplatin-treated pigs was only ca. 50%- 
70% of that seen in age-matched UN controls. Histologi- 
cally, these kidneys revealed resolution of the peritubular 
fibrosis observed at UN; occasional sclerotic glomeruli 
were also evident. Platinum remained detectable in these 
kidneys, the mean levels being 18.8_+4.9 ng/g kid- 
ney per mg/kg cisplatin. These findings confirm previous 
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observations and illustrate the need for caution in consider- 
ing further treatment of patients who have previously re- 
ceived cisplatin along with a second potentially nephrotox- 
ic agent. 

Introduction 

cis-Diamminedichloroplatinum (II), or cisplatin, is an ex- 
tremely effective anticancer agent in the treatment of a 
number of neoplasms [23]. For malignant germ-cell 
tumours in particular, its use in chemotherapy regimens is 
associated with cure rates approaching 100% in patients 
presenting with stage 1 disease [18]. In subjects suffering 
from metastatic disease, cure rates are about 80% [19]. 
Unfortunately, cisplatin is also highly toxic, its dose-limit- 
ing toxicity being nephrotoxicity [25]. 

Although some initial studies of the drug' s nephrotoxi- 
city appeared to indicate an acute but reversible reduction 
in renal function [ 17], later findings indicated that cisplatin 
could cause a permanent reduction in renal function as 
assessed in terms of either the glomerular filtration rate 
(GFR) [7, 12, 16, 24] or the effective renal plasma flow 
(ERPF) [1]. These findings show that cisplatin exerts a 
chronic nephrotoxic effect, i.e. it reduces renal function at 
least subclinically for up to several years after the initial 
treatment. Thus, it may well be that patients initially given 
the drug may be at risk of exhibiting clinical renal damage 
if they are subsequently treated with an additional nephro- 
toxic treatment modality. Such an enhanced nephrotoxic 
response following treatment with cisplatin has been re- 
ported in patients receiving methotrexate [14], ifosfamide 
[15], and radiotherapy [1]. Similar results have been ob- 
tained in experimental studies [11, 28]. 

We have previously reported that treatment with single 
doses of 2 or 2.5 mg/kg cisplatin at 4 weeks prior to unilat- 
eral nephrectomy (UN) resulted in a dose-related reduction 
in renal reserve [29]. In addition, cisplatin appeared to 
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Fig.  1. Time-related changes in the individual-kidney GFR of mature 
pigs following the infusion of 1.5 (�9 2 ( [] ), and 2.5 ( A ) cisplatin. The 
hatched area represents the 95% confidence limits on GFR values for 
individual kidneys in intact, age-matched control animals. Bars indicate 
the standard error 

cause glomerular lesions, which progressed to glomerular 
hyalinization following UN. These findings were observed 
in the pig, which appears to be a useful model of clinically 
relevant cisplatin nephrotoxicity due to its marked renal 
structural and functional similarities with man [31, 33]. 
Since no data were available on the long-term effects of 
cisplatin in otherwise untreated pigs, it was not possible to 
determine whether the chronic glomerular lesions seen in 
the pig kidney were a direct result of cisplatin infusion 
alone. Moreover, the question as to whether prolongation 
of the interval between cisplatin administration and UN 
would reduce the drug-induced diminution in renal reserve 
remained unanswered. 

To address these issues, we investigated the long-term 
effects of cisplatin alone on pigs following the infusion of 
single doses of cisplatin by measuring both the GFR and 
the ERPF for up to 24 weeks after drug treatment. UN was 
then carried out, and the functional status of the remaining 
kidney was determined for a further 24 weeks. The plati- 
num content of both the left kidney removed at UN and the 
fight kidney removed at the completion of the study was 
determined using inductively coupled plasma mass spec- 
trometry (ICP-MS), a technique that enables the measure- 
ment of platinum concentrations of <1 ng/g tissue [34]. It 
was hoped that a study of the long-term retention of plati- 
num might provide an insight into the mechanism(s) re- 
sponsible for the chronic nephrotoxic action of cisplatin. 

Materials and methods 

A total of 12 mature female Large White pigs aged approx. 10 months 
were used in this study. Of these, 9 received a single intravenous infusion 
of 1.5, 2, or 2.5 mg/kg (i. e. -90, -120, and -150 mg/m 2) cisplatin, with 
3 pigs being tested at each dose. All procedures were carried out in 
anaesthetized animals maintained using a mixture comprising 2 % - 3 %  
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Fig. 2. Time-related changes in the GFR (upper panel) and ERPF (lower 
panel) in the fight kidney of mature pigs following UN performed at 
24 weeks after the infusion of cisplatin. @ @, Changes in right- 
kidney function in age-matched control animals after UN. Symbols are 
defined as shown in Fig. 1 

halothane, -30% nitrous oxide, and -70% oxygen [8]. Prior to the 
infusion of cisplatin, each pig was hydrated via an ear vein with 21 saline 
at a rate of 1.31 1/h. Cisplatin was then infused in 1 1 saline to which an 
anti-emetic agent (Maxolon, 1.5 mg/kg) had been added. Additional 
saline (1 1) was subsequently infused. 

Prior to cisplatin administration and at 4-week intervals for up to 
24 weeks thereafter, the GFR and the ERPF in individual kidneys were 
determined by renography using [99mTc]-diethylenetriamminepen- 
taacetic acid (DTPA) and iodohippurate sodium I 131, respectively. Re- 
nograms were carried out as previously described [29]. The relative 
contribution of each kidney to the total function was assessed by deter- 
mining the uptake function of each tracer in each kidney [27]. The total 
GFR and ERPF values were determined from the [99mTc]-DTPA and 
iodohippurate sodium I 131 plasma disappearance curves based on 
measurements from serial blood samples [26]. GFR and ERPF values 
(mean + SE) measured in individual kidneys were compared with those 
previously obtained in historically age-matched control animals [29]. 
The statistical significance of the difference between these mean values 
was evaluated using Student's t-test; a value of P <0.05 was considered 
to be significant. 

At 24 weeks after cisplatin infusion, the left kidney of each treated 
animal as well as that of the three age-matched, untreated control pigs 
was removed surgically. After UN, each pig received analgesics (1 ml 
Temgesic; Reckitt and Colman) intramuscularly twice daily for 4 days. 
All animals recovered well from the surgical procedure. GFR and ERPF 
values were subsequently assessed in the remaining kidney at 4-week 
intervals for periods of up to 24 weeks after UN. Tissue samples from the 
surgically removed left kidney and the right kidney, which was removed 
at post-mortem examination, were taken and frozen at -20~ prior to 
determination of the platinum content using ICP-MS [34]. The remaining 
tissue was fixed in a solution of 1% acetic acid in 10% formal saline. 
Several renal tissue samples were then dehydrated, cleared, and 
embedded in paraffin wax. A histological evaluation was carried out on 
5-gin-thick sections stained with periodic acid-Schiff's reagent (PAS). 
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Fig. 3. Dose-related changes in the mean GFR (upper panel) and ERPF 
(lower panel) values as assessed over the period of 4 - 2 4  weeks after 
UN. Animals received a single dose of  cisplatin at 24 weeks prior to UN. 
Bars indicate the standard error. ** P <0.01; *** P <0.001 

Results 

Effect of  cisplatin on renal haemodynamics 

The time-related changes in the individual-kidney GFR 
following the infusion of cisplatin in mature pigs are 
shown in Fig. 1. Although there was a tendency for the 
GFR to be reduced as compared with that in age-matched 
control animals at between 8 and 12 weeks after cisplatin 
administration, there was little evidence of a significant 
cisplatin-induced reduction in GFR over the 24-week peri- 
od following drug treatment. Similarly, there was little 
change in the individual-kidney ERPF during this period 
(data not shown). 

Effect of  UN on renal haemodynamics 

At 24 weeks after the infusion of cisplatin, the left kidney 
of each pig was surgically removed and the GFR and ERPF 
values in the remaining kidney were determined for peri- 
ods of up to 24 weeks after UN. The left kidney was also 
removed from three age-matched control pigs. The effects 

of prior treatment with cisplatin on the functional status of 
the remaining kidney are shown in Fig. 2. 

Following UN, the GFR in the remaining kidney of the 
age-matched control animals increased markedly such that 
within 8 weeks of UN, the mean GFR was around 3-fold 
that seen in individual kidneys of intact age-matched con- 
trols. By week 12, the GFR had declined slightly but re- 
mained >2-fold that measured in individual kidneys of 
intact control animals (Fig. 2a). A similar pattern of re- 
sponse was seen in the remaining kidney of pigs that had 
received a single dose of 1.5 mg/kg cisplatin at 24 weeks 
prior to UN. However, the extent of this increase was 
significantly lower than that seen in the age-matched UN 
controls, particularly over the 12- to 24-week period fol- 
lowing UN. An even more severe reduction in the ability of 
the remaining kidney to increase its GFR following UN 
was observed in pigs that had been treated with single 
doses of _-> 2 mg/kg cisplatin. In those that had received 
2 mg/kg cisplatin, only a slight increase in GFR occurred 
after UN. However, in pigs that had been given 2.5 mg/kg 
cisplatin the GFR in the remaining kidney increased to 
-1.5-fold that observed in individual kidneys of intact con- 
trol pigs at 12-16 weeks after UN, but by 24 weeks after 
UN the GFR had markedly declined to a mean value that 
was not significantly different from that seen in the indi- 
vidual kidneys of intact animals (Fig. 2 a). 

The pattern of response of the ERPF in age-matched 
controls following UN was qualitatively similar to that 
seen for the GFR, although the absolute increase was 
smaller (Fig. 2b). In contrast, the effect of prior infusion of 
cisplatin on the ERPF of the remaining kidney following 
UN was different. Doses of 1.5 and 2.5 mg/kg cisplatin did 
not appear to significantly reduce the marked increase in 
ERPF that resulted from UN. However, in the animals that 
had received a dose of 2 mg/kg cisplatin at 24 weeks prior 
to UN, a significant reduction (P <0.01) in the degree of 
increase in ERPF seemed to occur following UN in control 
pigs. 

We further analyzed these data by calculating for each 
treatment group the mean GFR and ERPF value for the 
remaining kidney as measured at 4-24 weeks after UN; 
the results were expressed as a percentage of the individual 
kidney function in age-matched intact controls (Fig. 3). 
These findings clearly demonstrated that prior treatment 
with cisplatin severely compromised the ability of the re- 
maining kidney to increase its function in terms of GFR 
following UN (Fig. 3a). Thus, whereas the mean GFR 
value found for age-matched UN control pigs was 
224% + 16.1%, that measured in pigs initially treated with 
1.5 mg/kg cisplatin was significantly lower 
(158.2% + 11.8%, P <0.01). However, there did not appear 
to be a clear dose-related response, as the mean GFR 
observed in pigs that had been infused with 2.5 mg/kg 
cisplatin prior to UN was not significantly different from 
that seen following a dose of 1.5 mg/kg cisplatin (Fig. 3 a). 

A different conclusion was reached when renal function 
was expressed in terms of ERPF. A reduction in mean 
ERPF values as compared with those seen in the age- 
matched UN controls was observed only in pigs that had 
been infused with 2 mg/kg cisplatin (158.9% + 11.6% and 
118.6% + 6.4%, respectively; P <0.01). The administra- 
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Table 1. Renal weights and platinum concentrations of kidneys removed from pigs at 24 and 48 weeks after the infusion of 1.5-2.5 mg&g cisplatin 

Time after cisplatin infusion (weeks) 

24 48 

Kidney weight (g) 
Renal platinum concentration (ng/g kidney per mg/kg cisplatin) 
Renal platinum content (gg/kidney) 

235.3+ 11.1 P <0.001 401.8 +32.6 
77.5+ 9.1 P<0.001 18.8_+ 4.9 
18.2_+ 2.5 P<0.001 7 + 1.4 

tion of 1.5 and 2.5 mg/kg cisplatin prior to UN did not 
appear to compromise the UN-induced increase in ERPF 
(Fig. 3 b). 

Renal platinum concentration 

The mean concentration of platinum measured in the left 
kidney removed by UN at 24 weeks after the administra- 
tion of cisplatin was 77.5 _+ 9.1 ng/g kidney per mg/kg cis- 
platin; there was no significant difference in the platinum 
content of this kidney between the different groups when 
the platinum data were normalized in this way. The plati- 
num concentration in the remaining kidney had decreased 
significantly (P <0.001) to a mean value of 18.8 +4.9 ng/g 
kidney per mg/kg cisplatin by the time of its removal 
24 weeks later. These findings indicate a loss of renal 
platinum with time. However, due to the marked hypertro- 
phy resulting from UN, the weight of these kidneys was 
significantly greater (P <0.001) than that of kidneys that 
were removed at UN (Table 1). The renal weights of the 
cisplatin-treated pigs were not significantly different from 
those observed in the control animals (401.8 + 32.6 g and 
445.7 + 41 g, respectively). To take account of this marked 
increase in organ weight, we estimated the amount of plat- 
inum present in the whole kidney (Table 1). The results 
confirmed the loss of platinum from the kidney with time, 
i.e. the mean platinum content of kidneys removed at 24 
and 48 weeks after cisplatin infusion was 18.2 +2.5 and 
7 + 1.4 gg/kidney, respectively. 

Morphological findings at 24 weeks after cisplatin 
administration 

The most consistent change noted at this time was the 
presence of narrow, interconnecting rays of interstitial fi- 
brosis in the deep cortex and medulla that occasionally 
contained small numbers of mononuclear inflammatory 
cells. Although these areas extended from the cortico-med- 
ullary junction into the medulla as far as the renal pelvis in 
some kidneys, they were usually limited to the inner one- 
half to one-third of the renal cortex. Associated tubules 
were sometimes moderately compressed; however, neither 
severe epithelial degeneration nor necrosis was observed at 
this time. Glomeruli associated with these areas of fibrosis 
often exhibited thickened Bowman's capsules and oc- 
casionally contained shrunken sclerotic capillary tufts. Al- 
though the remaining glomeruli usually appeared to be free 

of lesions, in one pig we found a widespread increase in the 
mesangial matrix in glomeruli at all cortical levels, a 
change that was accompanied by the presence of numerous 
sclerotic glomeruli. The renal changes observed at this 
time were generally most severe in the kidneys of pigs that 
had received a dose of >2 mgNg cisptatin, with only mild 
changes being observed in the 1.5-mg/kg treatment group. 

Morphological findings at 24 weeks after UN, or 
48 weeks after cispIatin administration 

In contrast to the changes noted in cisplatin-treated kidneys 
removed at 24 weeks after drug administration, kidneys 
removed at 48 weeks were strikingly free of morphological 
changes despite the finding that renal mass had been re- 
duced by 50%. The characteristic peritubular fibrosis noted 
in the medulla and deep cortex at the former time point 
either became essentially absent or consisted of only small 
focal areas of non-inflammatory fibrosis at the end of the 
later period. Other than the presence of occasional small, 
scarred tufts, glomeruli exhibited little evidence of residual 
mesangial scarring or capsular thickening. 

Discussion 

The present findings clearly demonstrate that the adminis- 
tration of single doses of cisplatin in the range of 
1.5-2.5 mg/kg to pigs had no significant effect on either 
GFR or ERPF for periods of up to 24 weeks after drug 
infusion. However, UN performed at this time sub- 
sequently led to a significant reduction in the ability of the 
remaining kidney to exhibit a compensatory increase in 
GFR and, to a lesser degree, in ERPF. This cisplatin-in- 
duced reduction in the compensatory increase in GFR was 
seen at all dose levels, but it failed to show a clearly 
defined dose-related effect. In contrast, a reduction in the 
compensatory increase in ERPF was observed only follow- 
ing a dose of 2 mg/kg cisplatin. In general, these results 
confirm previous findings in which the administration of 
cisplatin at 4 weeks prior to UN induced a significant re- 
duction in renal reserve [29]. However, there are some 
interesting discrepancies in that in the previous study, the 
reduction in renal reserve was dose-related and was seen 
for both GFR and ERPF. Despite these differences, the 
present findings confirm that initial treatment with cispla- 
tin severely compromises the ability of the kidney to re- 
spond to a subsequent insult. Even an extension of the 
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interval between cisplatin infusion and UN from 4 to 
24 weeks failed to prevent the cisplatin-induced reduction 
in renal reserve. 

There are few clinical studies with which the present 
findings can be compared. Hrushesky et al. [20] reported 
that the administration of cisplatin to individuals with a 
single functioning kidney, i.e. UN patients or subjects 
presenting with complete unilateral ureteral obstruction 
resulting in a non-functioning kidney, did not result in 
increased nephrotoxicity as compared with that observed 
in patients with two functioning kidneys. However, cispla- 
tin was given to these patients after a functioning kidney 
had been lost, whereas in the present study it was given 
prior to UN. 

Histological evaluation of kidneys removed by UN at 
24 weeks after the infusion of cisplatin revealed evidence 
of chronic morphological alterations. These consisted of 
narrow, interconnecting rays of interstitial fibrosis in the 
deep cortex and medulla along with compression of as- 
sociated tubules. Tlhere was little evidence of severe epi- 
thelial degeneration or necrosis at this time. It is notewor- 
thy that the glomeruli associated with these fibrotic regions 
also exhibited damage in the form of thickening of the 
Bowman's capsule, which was occasionally associated 
with sclerotic glomeruli. These chronic cisplatin-induced 
lesions are similar to those previously observed in the pig 
as well as to those reported in other experimental animals 
[6, 37] and man [13, 32]. 

However, there would appear to be possible species-re- 
lated differences in some aspects of these chronic morpho- 
logical changes induced by cisplatin. Evaluation of chronic 
alterations in renal morphology in rats has consistently 
revealed the presence of grossly dilated proximal tubules, 
predominantly $3 in origin. With time these form micro- 
cysts in the outer stripe of the outer medulla. These pro- 
gress, forming large cysts at around 6 months after cispla- 
tin treatment [6, 10, 22]. The production of these cysts is so 
characteristic that cisplatin has been used to produce an in 
vitro model of polycystic kidney disease [2]. Cyst forma- 
tion has also been observed in mice at ca. 14 months after 
cisplatin administration [11]. Such changes have never 
been reported clinically [13, 32] and indeed do not seem to 
occur in the pig kidney for up to 48 weeks after cisplatin 
administration. This indicates possible differences in par- 
ticular target-cell specificity in cisplatin nephropathy be- 
tween unipapillate and multipapillate kidneys and provides 
further evidence of the clinical applicability of studies on 
porcine cisplatin nephropathy. 

Despite the presence of these cisplatin-induced lesions 
in kidneys that had been treated 24 weeks earlier, it should 
be noted that there was little evidence of any significant 
functional impairment. The presence of "normal" levels of 
renal function for up to 24 weeks after cisplatin administra- 
tion would therefore appear to reflect hyperfiltration by a 
reduced number of relatively undamaged nephrons rather 
than a genuinely undamaged or repaired organ. Such a 
conclusion is supported by the identification of obsolescent 
sclerotic glomeruli in the kidneys removed at UN. 

These findings of a significant reduction in renal 
functional reserve in terms of the GFR following UN in all 
of the cisplatin-treated pigs suggests a deterioration of the 

cisplatin-induced lesions identified at the time of UN. 
However, evaluation of these kidneys at 24 weeks after 
UN, i.e. at 48 weeks after cisplatin infusion, revealed a 
general resolution of the lesions identified earlier. The 
characteristic peritubular fibrosis observed in the medulla 
and deep cortex at UN had either resolved or been reduced 
to focal areas of non-inflammatory fibrosis. Moreover, 
although some sclerotic glomeruli were present, glomeruli 
generally exhibited little evidence of residual damage such 
as mesangial scarring or thickening of the Bowman's cap- 
sule. 

However, despite the apparent resolution of the lesions 
following UN and the absence of significant diffuse glo- 
memlar injury, UN did result in a significant reduction in 
renal reserve expressed in terms of GFR. Pigs treated with 
doses of 1.5-2.5 mg/kg cisplatin showed an increase in 
GFR that was only ca. 50%-70% of that observed in the 
age-matched UN controls. Could this chronic nephrotoxi- 
city reflect the continued presence of platinum in the kid- 
ney? Previous studies of renal platinum content following 
cisplatin administration in rats [6, 9] showed a significant 
elevation of platinum levels for up to 4 weeks after treat- 
ment, but by 2 months these values had become similar to 
those seen in the controls [9]. However, these studies were 
limited by the relative insensitivity of the analytical tech- 
niques used. 

The recent development of ICP-MS has enabled the 
detection of platinum concentrations of < 1 ng/g tissue. Use 
of this highly sensitive technique has enabled the detection 
of platinum in the kidney of rats for up to 12 weeks after 
drug administration [35]. In the present study, platinum 
was detected at levels of 77.5 + 9.1 ng/g kidney per mg/kg 
cisplatin at 24 weeks after drug infusion, and although the 
platinum content had decreased significantly by the time of 
its remeasurement 24 weeks later, the mean values re- 
mained 18.8 +4.9 ng/g kidney per mg/kg cisplatin. Thus, 
platinum remained detectable in the kidney for nearly 
1 year after the initial administration of cisplatin. The con- 
tinued long-term presence of platinum might at least in part 
explain the chronic nephrotoxic action of cisplatin. Unfor- 
tunately, no information is available regarding the chemi- 
cal form of this renal platinum. Moreover, the precise 
pathophysiological mechanism(s) involved in the cispla- 
tin-induced reduction in porcine renal reserve remain(s) 
ill-defined. 

There is some evidence suggesting that cisplatin may 
adversely affect the proliferative capacity of renal tissue. 
The injection of a single dose of 8 mg/kg cisplatin in mice 
reduced the capacity of the kidney to mount an effective 
compensatory response to folic acid-induced renal tubular 
necrosis for up to 45 days after cisplatin injection [21]. 
Furthermore, a cisplatin-induced reduction in the "pro- 
liferative reserve" of normal tissues, including the kidney, 
has been reported for up to 120 days after the initial treat- 
ment [5]. More recently, the administration of cisplatin to 
mice has been reported to impair the renal regenerative 
response to treatment with the nephrotoxin uranyl nitrate at 
14 days after cisplatin [11]. In addition, studies on the 
proliferative response of rat kidneys treated with cisplatin 
have demonstrated increased proliferation throughout the 
21-day experimental period, which was interpreted as indi- 
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cating incomplete tissue repair [22]. Thus, the chronic 
nephrotoxic effects of cisplatin reported herein may reflect 
manifestations of transient or long-lasting reductions in the 
proliferative reserves of the renal cell-renewal system. The 
elucidation of the role of such a cisplatin-induced reduc- 
tion in renal proliferative capacity requires more detailed 
investigations, in particular cell kinetics studies to identify 
cell turnover in this system. 

It should be noted that despite the administration of only 
a single dose of cisplatin (<150 mg/m2) in these studies, a 
significant reduction in renal reserve was noted. It would 
seem likely that if large cumulative doses similar to those 
used clinically had been given, then an even more marked 
reduction in renal reserve would have occurred. These 
observations may be of particular importance in clinical 
situations involving UN, particularly in the treatment of 
paediatric primary renal tumours such as Wilms' tumour 
and mesoblastic nephroma using both UN and cisplatin- 
containing chemotherapy [36]. 

Despite the present inability to define accurately the 
mechanism(s) responsible for the cisplatin-induced reduc- 
tion in renal reserve, these findings reinforce the need for 
caution in considering the further treatment of patients who 
have previously received cisplatin along with a second 
potentially nephrotoxic agent. As discussed earlier, the 
finding of "normal" renal function for up to 24 weeks after 
cisplatin treatment need not imply a normal undamaged or 
repaired organ but may rather indicate hyperfiltration by 
the remaining undamaged nephrons. Thus, measurements 
of "normal" renal function alone are insufficient to identi- 
fy patients at particular risk. In addition, the apparent reso- 
lution of the cisplatin-induced lesions in the kidney follow- 
ing UN, associated with a concomitant reduction in renal 
reserve, indicates that morphological evaluation alone may 
also be inappropriate. It has been suggested that renal 
insufficiency may be expressed in terms of a reduced renal 
functional reserve (RFR), i.e. the increase in GFR ob- 
served following a protein load [4, 30, 38]. Therefore, 
measurement of the RFR might enable the identification of 
patients who, if subjected to subsequent nephrotoxins, 
might exhibit clinical renal injury. However, the question 
as to whether or not patients displaying a reduced nephron 
population indeed exhibit a reduced RFR remains contro- 
versial [3, 39]. In view of this controversy, it would be 
interesting to ascertain whether or not the cisplatin-induced 
reduction in renal haemodynamics observed following UN 
indeed results in a detectable reduction in the RFR. 

Acknowledgements. The authors are indebted to Mr. F. Dickinson and 
Mr. N. Hubbard for their expertise in pig anaesthesia and husbandry. 

References 

1. Aass N, Fossa SD, Aas M, Lindegaard MW (1990) Renal function 
related to different treatment modalities for malignant germ cell 
tumours. Br J Cancer 62:842 

2. Avner ED, Sweeney WE, Ellis D (1983) Cyst formation in metane- 
phric organ culture induced by cis-dichlorodiammineplatinum. Ex- 
perientia 39:74 

3. Bilo HIG, Schaap GH, Blaak E, Gans ROB, Oe PL, Donker AJM 
(1989) Effects of chronic and acute protein administration on renal 
function in patients with chronic renal insufficiency. Nephron 
53:181 

4. Bosch JP, Lew S, Glabman S, Lauer A (1986) Renal hemodynamic 
changes in humans. Response to protein loading in normal and 
diseased kidneys. Am J Med 81:809 

5. Brannschweiger PG, Kovacs C J, Schenken LL, Schiffer LM, Pugh 
RP (1980) Residual haemopoietic and renal injury in mice after 
DDP. Proc Am Soc Clin Oncol 21:334 

6. Choie DD, Longnecker DS, Del Campo AA (1981) Acute and 
chronic cisplatiu nephropathy in rats. Lab Invest 44:397 

7. Dentino M, Luft FC, Yum MW, Williams SD, Einhorn LH (1978) 
Long term effect of cis-diamminedichloride platinum (CDDP) on 
renal function and structure in man. Cancer 41: 1274 

8. Dickinson F, Hubbard N (1990) The Large White female pig in 
research related to cancer treatment: general husbandry and 
anaesthesia. Anita Techno141:35 

9. Dobyan DC (1985) Long-term consequences of cis-platinum- in- 
duced renal injury: a structural and functional study. Anat Rec 
212:239 

10. Dobyan DC, Hill D, Lewis T, Bulger RE (1981) Cyst formation in rat 
kidney induced by cis-platinum administration. Lab Invest 45:260 

11. Ewen C, Hendry JH (1990) The effect of the platinum anti-tumour 
agents on renal cell kinetics and the response to a second cytotoxic 
agent. Cell Tissue Kinet 23:61 

12. Fjeldborg P, Sorensen J, Helkjaer PE (1986) The long-term effect of 
cisplatin on renal function. Cancer 58:2214 

13. Gonzalez-Vitale JC, Hayes DM, Cvitkovic E, Sternberg S (1977) 
The renal pathology in clinical trials of cis-platinum (II) diam- 
minedichloride. Cancer 39:1362 

14. Goren MP, Wright RK, Horowitz ME, Meyer WH (1986) Enhance- 
ment of methotrexate nephrotoxieity after cisplatin therapy. Cancer 
58:2617 

15. Goren MP, Wright RK, Pratt CB, Horowitz ME, Dodge RK, Viar 
MJ, Kovnar EH (1987) Potentiation of ifosfamide neurotoxicity, 
hematotoxicity, and tubular nephrotoxicity by prior cis-diam- 
minedichloroplatinum(II) therapy. Cancer Res 47: 1457 

16. Hamilton CR, Bliss JM, Horwich A (1989) The late effects of 
cis-plafinum on renal function. Eur J Cancer Clin Oneo125:185 

17. Hayes DM, Cvitkovic E, Golberg RB, Scheiner E, Helson L, Krakoff 
IH (1977) High dose cis-plafinum diammine chloride. Cancer 
39:1372 

18. Horwich A, Peckham MJ (1988) Surveillance after orchidectomy for 
clinical stage 1 germ cell tumours of the testes. In: Schroeder SH, 
Klijn JGM, Kurgh K, Pinedo HM, Splinter TAW, De Voot HJ (eds) 
Progress and controversies in oncological urology II. Alan R. Liss, 
New York, p 478 

19. Horwich A, Easton D, Husband J, Nicholas D, Peckham MJ (1987) 
Prognosis following chemotherapy for metastatic malignant terato- 
ma. Br J Urol 59:578 

20. Hrushesky WJM, Shimp W, Kennedy BJ (1984) Lack of age-depen- 
dent cisplatin nephrotoxicity. Am J Med 76:579 

21. Kovacs CJ, Braunschweiger PG, Schenken LL, Burholt DR (1982) 
Proliferative defects in renal and intestinal epithelium after cis- 
dichlorodiammineplatinum(II). Br J Cancer 45:286 

22. Laurent G, Yemaux V, Nonclerq D, Toubean G, Maldague P, 
Tulkens PM, Heuson-Stiennon JA (1988) Tissue injury and pro- 
liferative response induced in rat kidney by cis-diam- 
minedichloroplatinum(II). Virchows Arch [Cell Pathol] 55:129 

23. Loehrer P J, Einhorn LH (1984) Drugs five years later. Cisplatin. Ann 
Intern Med 100:704 

24. Macleod PM, Tyrell CJ, Keeling DH (1988) The effect of cisplatin 
on renal function in patients with testicular turnouts. Clin Radiol 
39:190 

25. Madias NE, Harrington JT (1978) Platinum nephrotoxicity. Am 
J Med 68:307 

26. Robbins MEC (1984) Single injection techniques in determining 
age-related changes in porcine renal function. Int J Appl Radiat Isot 
35:85 



315 

27. Robbins MEC, Soper M, Gunn Y (1984) Techniques for the quanti- 
tative measurement of individual kidney function in the pig. Int 
J Appl Radiat Isot 35:853 

28. Robbins MEC, Robinson M, Rezvani M, Golding S J, Hopewell JW 
(1988) The response of the pig kidney to the combined effects of 
cisplatin and unilateral renal irradiation. Radiother Oncol 11:271 

29. Robbins MEC, Carnpling D, Whitehouse E, Hopewell JW, Mi- 
chalowski A (1990) Cisplatin-induced reductions in renal functional 
reserve uncovered by unilateral nephrectomy: an experimental study 
in the pig. Cancer Chemother Pharmacol 27:211 

30. Rugiu C, Oldrizzi L, Maschio G (1987) Effects of an oral protein 
load on glomerular filtration rate in patients with solitary kidneys. 
Kidney Int 32 [Suppl 22]: $29 

31. Sperber I (1944) Studies on the mammalian kidney. Zool Bidr Fr 
22:249 

32. Tanaka H, Ishikawa W, Teshima S, Shimuzi E (1986) Histopatho- 
logical study of human cisplatin nephropathy. Toxicol Patho114: 247 

33. Terris JM (1986) Swine as a model in renal physiology and nephrol- 
ogy: an overview. In: Tumbleson ME (ed) Swine in biomedical 
research. Plenum Press, New York, p 1673 

34. Tothill P, Matheson LM, Smyth JF, McKay J (1990) Inductively 
coupled plasma mass spectrometry for the determination of platinum 
in animal tissues and a comparison with atomic absorption spec- 
trometry. J Anal Atomic Spectrom 5:619 

35. Tothill P, Matheson L, Robbins MEC, Hopewell JW, McKay K, 
S myth JF (1991) Long term retention and distribution of platinum in 
animals and man after cisplatin administration. Cancer Ther Control 
(in press) 

36. Walterhouse DO, Meadows AT (1991) Late effects of childhood 
cancer therapy. In: Plowman PN, McElwain T, Meadows A (eds) 
Complications of cancer management. Butterworth-Heinemann, 
Cambridge, p 95 

37. Ward JM, Fauvie KA (1976) The nephrotoxic effects of cis-diam- 
minedichloroplatinum(II) (NSC- 119 875) in male F334 rats. Toxicol 
Appl Pharmaco138:535 

38. Wee PM ter, Tegzess AM, Donker AJM (1987) The effect of low 
dose dopamine on renal function in uninephrectomized patients: 
special emphasis on kidney donors before and after nepbrectomy. 
Clin Nephro128:211 

39. Zuccala A, Zucchelli P (1990) Use and misuse of the renal functional 
reserve concept in clinical nephrology. Nephrol Dial Transplant 
5:410 


