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Summary. The nephrotoxic potentials of cisplatin and 
carboplatin, alone and in combination with the aminogly- 
coside antibiotic tobramycin, were compared in male rats. 
Sixty (60) male Sprague-Dawley rats were divided into six 
groups of ten rats each and received the following treat- 
ments: Group I, saline; group II, cisplatin (5 mg/kg);  
group III,  cisplatin (5 mg/kg) + tobramycin (50 mg/kg);  
group IV, carboplatin alone (50 mg/kg);  group V, carbo- 
platin (50 mg/kg) + tobramycin (50 mg/kg);  and group 
VI, tobramycin alone (50 mg/kg). Carboplatin and cispla- 
tin were each administered as a single i.v. injection on day 
1. Tobramycin was administered i . -m.  once daily on days 
1-5. All rats were euthanatized on day 6. Smaller body 
weight gains occurred in groups I I - V  than in saline con- 
trols. Serum urea nitrogen (BUN) levels recorded on day 6 
were elevated in group III.  BUN values of all other groups 
were normal. Histopathologic examination of kidneys re- 
vealed acute tubular injury in rats treated with cisplatin, 
whether alone or in combination with tobramycin, and in 
carboplatin/tobramycin-treated rats. Carboplatin and to- 
bramycin, when administered separately, were not nephro- 
toxic. The combination of cisplatin and tobramycin 
proved to be the most nephrotoxic treatment. 

Introduction 

Cisplatin (cis-diamminedichloroplatinum II;  CDDP) is a 
widely used and highly effective antitumor agent against 
several types of neoplasms, including testicular, ovarian, 
and lung tumors and carcinomas of the head and neck [3, 
4, 10, 16, 26, 27, 34, 36]. One of the major dose-limiting 
side-effects of this valuable drug is nephrotoxicity [1, 2, 9, 
11, 19-21, 23, 28, 30, 32, 33]. Therefore, a search for plati- 
num-containing analogues with the same or increased effi- 
cacy against cancer, but with less nephrotoxicity and other 
side-effects than cisplatin, has been in progress for some 
time. 

Carboplatin (cis-diammine-l,l-cyclobutane dicarboxy- 
late platinum II; CBDCA; JM-8) is a new platinum-con- 
taining analogue which promises good anticancer activity 
and decreased nephrotoxicity [5-8, 13-15, 22, 24, 25, 29, 
31, 35]. 

Infections are a frequent cause of morbidity in the 
compromised cancer patient and often necessitate anti- 
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biotic therapy. The use of certain broad-spectrum antibiot- 
ics, which are potentially nephrotoxic in themselves, may 
add to the renal toxicity of the anticancer agent. Tobramy- 
cin (TOB), an aminoglycoside antibiotic, has been shown 
to have an additive nephrotoxic effect upon cisplatin 
nephrotoxicity in rats [18]. 

In an attempt to evaluate the potential nephrotoxic lia- 
bility of combined antitumor and antibiotic therapy, we 
have investigated and compared the nephrotoxicity of cis- 
platin and carboplatin, alone and in combination with 
TOB. 

Materials and methods 

Sixty (60) male 7-week-old Sprague-Dawley rats (Crl: 
CD(SD) BR] weighing 150-170g were obtained from 
Charles River Breeding Laboratories, Inc., Wilmington, 
Mass. They were conditioned for 5 days prior to use in the 
study. Study rats were housed individually in wire-bottom 
stainless steel cages. Food (Purina Rodent Chow # 5001, 
Ralston Purina, St. Louis, Mo) and water were provided 
ad libitum, except as necessary prior to obtaining blood 
samples for urea nitrogen (BUN) determinations. 

Sixty (60) male rats with BUN values within the nor- 
mal range established in our laboratory were each ran- 
domly assigned to one of six treatment groups consisting 
of ten rats each. The treatment groups with their respective 
test compounds and dosages are outlined in Table 1. 
Single doses of cisplatin (Platinol, Bristol Laboratories, 
Syracuse, NY) or carboplatin (Bristol Laboratories, Syra- 
cuse, NY) were administered i.v. on day 1 and TOB (Dista 
Products Company, Indianapolis, Ind) was injected i.m. 
on days 1-5. Rats in the negative control group received 

Table 1. Study design 

Group Test Dose Concen- Dose volume 
no. Compound level tration (ml/100 g) 

(mg/kg) (mg/ml) i.v./i.m. 

I Saline - 0 0.25/0.125 
II Cisplatin 5.0 2.0 0.25/- 

III Cisplatin/TOB 5.0/50 2.0/40 0.25/0.125 
IV Carboplatin 50 25 0.2/- 
V Carboplatin/TOB 50/50 25/40 0.2/0.125 

VI TOB 50 40 -/0.125 
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an i.v. injection of saline (Travenol Laboratories, Inc., 
Deerfield, Ill) on study day 1, and a single i.m. injection of 
saline on each of study days 1-5. 

The cisplatin dose of 5.0 mg/kg had been previously 
determined in our laboratory to produce a suitable level of 
histopathologically evident nephrotoxicity in male 
Sprague-Dawley rats. This dose was comparable to the 
LD~0 (IV injection, 14-day observation) of 6.8 mg/kg re- 
ported for cisplatin in Fischer 344 male rats [33]. 

The dose of 50 mg/kg was used for carboplatin as it 
was the maximum tolerated (nonlethal) single dose deter- 
mined in our laboratory. This dose is approximately equal 
to the LDl0 of 52 mg/kg in F344 male rats. 

The TOB dose of 50 mg/kg was 10% of the LDs0 in rats 
[18] and was considered to be a non-nephrotoxic dose. 

Body weights were recorded twice, once on day 1 and 
once on day 5, and percentage gains for each group were 
determined and compared. Serum urea nitrogen (BUN) 
was determined for all rats 2 days before treatement and at 
the termination of the study on study day 6 (Centrifichem 
System 600, Baker Instruments, Allentown, Pa). Blood 
samples were collected from the tail vein prior to the study 
and by cardiac puncture at the termination of the study. 

On study day 6, all rats were euthanatized with an i.p. 
injection of sodium pentobarbital. Kidneys were collected 
and examined grossly. A longitudinal section of the left 
kidney and a cross section of the right kidney from each 
rat were preserved in 10% neutral buffered formalin for 
histopathological evaluation. Kidney tissue was embedded 
in paraffin, sectioned at approximately 3-61xm, and 
stained with hematoxylin and eosin. 

Microscopic renal lesions were scored using a slightly 
modified, previously described scheme for comparison of 
aminoglycoside nephrotoxicities, which was deemed suit- 
able for platinum-containing agents as well [17]. Lesions 
encountered in the renal cortex and the outer stripe of the 
medulla included tubular vacuolar or granular degenera- 
tion, peritubular mononuclear cell infiltration, tubular 
necrosis, tubular dilatation, tubular basophilia, and peri- 
tubular (interstitial) fibrosis. The severity of each of these 
lesions in both kidneys of each rat was scored as follows: 
0, absence of lesion; 1, lesion present in fewer than 10% of 
the nephrons; 2, lesion present in 10%-50% of the neph- 
rons; 3, lesion present in 51%-90% of the nephrons; and 
4, lesion present in more than 90% of the nephrons. The 
lesion scores were summed to produce a single nephrotoxi- 
city score for each rat, with a possible range of 0-24. 

Statistical significance of differences in BUN values, 
body weight data, and nephrotoxicity scores between 
groups was evaluated using a one-way analysis-of-variance 
model. The Dunnett multiple comparison procedure (two- 
tailed at ~=0.05) was used to compare mean parameter 
values of each test group with negative control, and mean 
values of cisplatin/TOB and carboplatin/TOB with TOB. 
Independent multiple t-statistics (a=0.05) were used to 
compare mean parameter values of cisplatin with carbo- 
platin and cisplatin/TOB, carboplatin with carboplatin/ 
TOB, and cisplatin/TOB with carboplatin/TOB. 

R e s u l t s  

All rats exhibited body weight gains during the course of 
the study (Table 2). Control rats exhibited a 15% body 
weight gain during the study. Smaller body weight gains 

Table 2. Body weight gains 

Group Treatment Body weights (g) 
n o .  

Day 1 Day 5 % Change 

I Saline(control) 223+4 a 256+4 15_+1 
II Cisplatin 219+3 237+4* 8+ 1" 

III Cisplatin/TOB 219+3 227-+5* 3-+1" 
IV Carboplatin 220_+4 243+5 10_1" 
V Carboplatin/TOB 220 _ 3 237 _+ 3" 8 _+ 1 * 

VI TOB 219_+4 252+5 15_+1 

a M e a n  + standard error 
* Significantly different from control at c~ = 0.05 

T a b l e  3. Pre- and post-treatment mean BUNs 

Group Test Pretreatment Post-treatment 
no. compound (s) BUN (mg/dl) BUN (mg/dl) 

I Saline (control) 16 14 + 0.6 a 
II Cisplatin 15 16+ 1.3 

III Cisplatin/TOB 15 37 _ 5.7* 
IV Carboplatin 18 14 _+ 0.5 
V Carboplatin/TOB 14 13 _ 0.4 

VI TOB 15 13+0.6 

a Mean + standard error 
* Significantly different from 

at c~ = 0.05 
control, group II, and group V values 

than in controls were observed in groups receiving cispla- 
tin or carboplatin, alone or in combination with TOB. The 
smallest body weight gain occurred in group III  (cisplatin/ 
TOB), where a 3% gain was observed. TOB-treated rats 
(group VI) showed body weight gains comparable to those 
in controls. 

The results of the BUN determinations are presented 
in Table 3. The mean BUN level of group III  rats was ele- 
vated on day 6 to above the pretreatment mean and above 
the mean BUN values of the negative control rats (group 
I). Mean BUN values of the other treatment groups were 
all within the normal range and not elevated significantly 
above control means. 

At necropsy, pallor (a grayish-white zone) at the corti- 
comedullary junction was observed in ten rats in group II 
and nine rats in group III. The severity of this change ap- 
peared to be slightly greater in group III  rats. Pallor of the 
cortex was observed in seven rats in each of groups 1II and 
V and in ten rats in group V1. The severity of this change 
was equal in groups III  and V, and only slightly more 
marked in group VI. No gross changes were observed in 
kidneys of rats in group IV. 

The mean nephrotoxicity scores for each treatment 
group are presented in Fig. 1, and the means for each of 
six renal lesions are listed by treatment group in Table 4. 
The negative control rats exhibited a number of renal cor- 
tical lesions that closely resembled some of the drug-relat- 
ed nephrotoxic lesions observed in this study. These le- 
sions included multifocal tubular degeneration, pertibular 
mononuclear cell infiltration, tubular dilatation, and per- 
tibular fibrosis. The morphologic character and extent of 
these lesions in the saline-treated rats were similar to those 
occasionally observed in control rats for other studies pre- 
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Group no. Test Mean score for each renal lesion" Total mean 
(n = 10) compound(s) nephrotoxicity 

Deg MCI Nec Dil Bas Fib score 

I Saline 0.8 1.2 0 0.2 0 0.2 2.4 _+ 0.5 ~ 
II Cisplatin 1,7 0.8 2.1 0 1.3 0 5.9_+ 0.6" 

III Cisplatin/TOB 2,7 0.4 2,5, 0 1.0 0.2 6.8 _+ 0.5* 
IV Carboplatin 0,8 0.9 o 0.1 0.1 0 0.2 2.1 _+ 0.6 ~ 
V Carboplatin/TOB 1,4 1.1 (J.2 0.6 0 0.7 4.0 _+ 0.6 d 

VI TOB 0,8 0.8 0 0.2 0 0.4 2.2 + 0.4 

" Deg, tubular degeneration; MCI, peritubular mononuclear cell infiltration; Nec, tubular necrosis; Dil, tubular dilatation; Bas, tubular 
basophilia; Fib, peritubular fibrosis 

b Mean + standard error 
c Significantly different from group II score 
d Significantly different from group III and group IV scores 
* Significantly different from control at ct = 0.05 
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Fig. 1. Total mean nephrotoxicity scores of rats treated with sa- 
line, cisplatin (5 mg/kg), cisplatin + tobramycin (5 + 50 mg/kg), 
carboplatin (50 mg/kg), carboplatin + tobramycin (50 mg/kg) 
and tobramycin (50 mg/kg). Mean scores of ten rats are displayed 
with standard errors. Total scores represent a composite of six 
lesion scores listed in Table 4 

viously conducted in our laboratory. The renal cortical le- 
sions observed in the control rats of this study provided 
baseline data against which similar lesions in drug-treated 
rats were compared. 

Rats treated with TOB 50 mg/kg  alone (group VI) ex- 
hibited slight tubular  degeneration, peri tubular  mononuc-  
lear cell infiltration, tubular  dilatation, and tubular  fibro- 
sis. These lesions were qualitatively and quantitatively si- 
milar to those in the negative control rats. Therefore, this 
dose of TOB was considered non-nephrotoxic.  The most 
prominent  renal lesion present in rats in groups II (cispla- 
tin) and III  (cisplat in/TOB) was tubular  necrosis in the 
outer stripe of the medulla (Figs. 2 and 3). T u b u l a r  necro- 
sis was observed in n ine  rats in each of groups II and III. 
The severity of tubular  necrosis in group III  (TOB and cis- 
platin) was slightly greater than that in group II. Tubular  
vacuolar or granular degeneration, peri tubular mononuc-  
lear cell infiltration, and tubular  basophilia also occurred 
frequently in groups II and I l l .  The mean severity scores 
for these three lesions were comparable,  except in the case 

o f  tubular  degeneration, which appeared to be more exten- 

Fig. 2. Normal outer stripe of the 
renal medulla of a control rat 
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Fig. 3. Acute tubular necrosis in 
the outer stripe of the medulla in 
rat treated with cisplatin 
5.0 mg/kg. This lesion was 
qualitatively and quantitatively 
similar to that seen in rats treated 
with cisplatin 5.0 mg/kg and 
tobramycin 50 mg/kg 

Fig. 4. Normal renal cortex 
in a control rat 

sive in the outer region of  the renal cortices o f  group I I I  
than of  group II rats (Figs. 4 and 5). 

The mean total nephrotoxicity score of  carboplatin- 
treated rats (group IV) was also similar to that of  the nega- 
tive control group. Qualitatively, the lesions were nearly 
identical to those of  the controls. The mean total nephro- 
toxicity score of  rats treated with both carboplatin and 
TOB was greater than that o f  rats treated with either 
carboplatin or TOB alone. The difference was due to an 
increased incidence and severity of  tubular degeneration, 
necrosis, dilatation, and peritubular fibrosis. Peritubular 
fibrosis in four of  six affected rats was multifocal and dis- 
tributed prominently along the corticomedullary junction 
(Fig. 6). This particular distribution of  peritubular fibrosis 

was distinctly different from the foci of  spontaneous peri- 
tubular fibrosis exhibited by control rats, which tended to 
be scattered randomly in the outer cortex. The fibroplasia 
exhibited by group V (carbopla t in /TOB)  rats was charac- 
terized by proliferations of  fibroblasts and an absence of  
mature collagen bundles. The peritubular fibrosis in these 
rats was considered to be immature, produced during the 
time frame of  the study, and therefore treatment-related. 
The peritubular fibrosis in group V was attributed primari- 
ly to a carboplatin drug effect, because its distribution 
along the corticomedullary junction resembled the distri- 
bution of  cisplatin lesions in group II. Tubular degenera- 
tion in the renal cortex was also more prominent  in group 
V (carboplat in/TOB) rats than in rats treated with either 



121 

Fig. 5. Acute vacuolar (granular) 
tubular degeneration in outer 
cortex of rat treated with cisplatin 
and tobramycin. This lesion was 
not observed in rats treated with 
cisplatin, carboplatin, or 
tobramycin alone 

Fig. 6. Peritubular fibrosis at the 
corticomedullary junction in the 
most severely affected rat treated 
with a combination of carboplatin 
50 mg/kg and tobramycin 
50 mg/kg. Comparable lesions 
were not apparent in rats of other 
treatment groups. 

carbopla t in  or TOB alone (Fig. 7). Tubular  degenerat ion 
in the renal  cortex was at t r ibuted pr imar i ly  to TOB, as this 
lesion was also seen in rats t reated with a combina t ion  of  
cisplatin and TOB. 

Discussion 

In this study, cisplatin alone p roduced  tubular  necrosis 
a long the outer  stripe of  the medulla ,  which is the princi-  
pal  lesion of  acute cisplat in nephrotoxic i ty  [33]. Carbo-  
plat in,  however,  d id  not  p roduce  any significant nephroto-  
xicity when adminis tered  alone at ten times the cisplatin 
dose. 

The coadminis t ra t ion  of  cisplatin and TOB in the pres- 
ent study produced  acute tubular  necrosis typical  of  cis- 

plat in  toxicity,  plus acute tubular  degenerat ion of  the in- 
ner  and outer cortex. These f indings are in general  agree- 
ment  with those of  K a w a m u r a  et al. [18], who repor ted  that 
the combinat ion  of  cisplatin and tobramycin  p roduced  
acute tubular  necrosis in the inner and  outer  cortex to a 
greater extent than did cisplatin alone. Our studies further 
demonst ra ted  that TOB 5 0 m g / k g ,  when adminis tered 
along with carboplat in ,  precipi ta ted nephrotoxici ty ,  al- 
though neither carbopla t in  50 m g / k g  nor TOB 50 m g / k g  
was nephrotoxic  when adminis tered  alone. 

The addi t ion of  TOB to e i ther  cisplatin or carbopla t in  
t reatment  appeared  to have an addit ive effect upon  the 
nephrotoxici ty  of  these ant icancer  agents. In  the case of  
the c i sp la t in /TOB combinat ion ,  the higher nephrotoxic i ty  
of  the combinat ion  appeared  to have been contr ibuted pri- 
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Fig. 7. Acute vacuolar tubular 
degeneration in the outer cortex of 
a rat treated with a combination of 
carboplatin and tobramycin 

marily by the TOB component  of the combinat ion,  as cor- 
tical tubular  degeneration was the renal lesion most in- 
creased. Diffuse cortical tubular  degeneration was not ob- 
served with either cisplatin or carboplatin alone, but was 
observed in both combinat ions with TOB. In the case of 
the carbopla t in /TOB combinat ion,  multifocal peri tubular  
fibrosis along the corticomedullary junc t ion  and cortical 
tubular  degeneration were features of the combinat ion ' s  
nephrotoxicity, but were not observed in rats treated with 
either carboplat in or TOB alone. Unlike the diffuse corti- 
cal tubular  degeneration, pert i tubular  fibrosis was attribut- 
ed to an effect of carboplatin,  because distribution of the 
lesion along the corticomedullary junct ion  resembled the 
distribution of lesions produced by the analogue cisplatin. 

The conclusion of our study was that the coadministra- 
t ion of TOB 50 mg/kg  daily for 5 days in conjunct ion with 
a single 5.0 mg/kg  dose of cisplatin was more nephrotoxic 
than the same dose of TOB in combinat ion  with carbopla- 
tin 50 mg/kg.  
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