
Abstract. Background/Aim: A new platinum compound,
(Pt(O,O’-acac)(γ-acac)(DMS)) (PtAcacDMS), has been
shown to possess higher cytotoxic activity than cisplatin on
several cancer and chemoresistant cell lines. The aim of the
present study was to compare the nephrotoxic effects -
particularly renal fibrogenesis- of PtAcacDMS and cisplatin
in rats after the subcutaneous administration of a single dose
(5 mg/Kg b.w., s.c.) of either compound to ten-day-old rats.
Materials and Methods: Control and treated rats were killed
1 day (PD11), 7 days (PD17), 21 days (PD31) and 40 days
(PD50) after the injection. Kidneys were processed for light
and electron microscopy, and platinum determination.
Antibodies against E-cadherin (E-cad), vimentin (VIM) and
α-smooth muscle actin (αSMA) were used to identify
epithelial and mesenchymal cells. Results and Conclusion:
Cisplatin produced progressive cortical fibrotic lesions
displaying a variable number of VIM-positive tubules and
interstitial αSMA-positive cells around. By contrast,
PtAcacDMS induced a minimal number of histopathological
changes, which declined in the adult samples, while the renal
platinum content was generally higher after PtAcacDMS
than after cisplatin. The present experimental model was
proven suitable to investigate the occurrence of epithelial-
mesenchymal transition (EMT) in renal fibrogenesis induced
by the platinum-based compounds.

Cisplatin (cis diamminedichloroplatinum(II)) is one of the most
widely used chemotherapeutic drugs for several types of
malignancies in adults and children. However, the benefits of
this anti-neoplastic agent are compromised by acquired

resistance to cisplatin by cancer cells (1) and severe side-
effects, such as neurotoxicity, nephrotoxicity, ototoxicity,
myelosuppression and emetogenicity. Among the most frequent
complications caused by cisplatin administration in humans
and experimental animals, tubulointerstitial fibrosis ranks as
one of the most serious as it leads to progressive and
irreversible failure of the renal functions (2). In particular,
certain reports indicate that cisplatin nephrotoxicity occurs in
25-30% of patients after a single dose of the drug (3). 

Interestingly, age-related differences in kidney injuries
following administration of cisplatin have been reported in
both animals and humans pointing to age as a potential risk
factor for cisplatin nephrotoxicity (4-9). Yet, progressive
renal fibrosis in experimental animals after cisplatin
treatment has been found as a long-term side effect leading
to severe kidney impairment (10-12). 

The recently synthesized platinum complex (Pt(O,O’-
acac)(γ-acac)(DMS)) (PtAcacDMS), on the other hand,
could offer an attractive alternative to cisplatin treatment.
Containing two acetylacetonate ligands, (one O,O’-chelate
and the other sigma-linked by methionine in the gamma
position) and dimetylsulphide (DMS) in the metal
coordination sphere (13, 14), this compound has
demonstrated high cytotoxicity in different cancer cell lines,
including the cisplatin-resistant breast cancer cell line MCF-
7 while being inactive on the normal cell line MCF-10A. In
contrast to cisplatin, which binds primarily to DNA-forming
platinum adducts, the main targets of PtAcacDMS seem to
be amino acid residues of proteins and enzymes involved in
apoptotic induction, thus acting as a compound with non-
genomic targets (15, 16). Importantly, PtAcacDMS enters
cells rapidly and its cell content and cytotoxic effects are 10-
times higher than cisplatin’s (16).

Previous in vivo neurotoxicity studies on neonatal rats (17-
19) have found that, compared to cisplatin, PtAcacDMS
produces less severe changes in fundamental events of
neuroarchitecture development of the cerebellum.

In the current study, we investigated the in vivo
nephrotoxic effects of a single dose of either cisplatin or
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PtAcacDMS during rat postnatal development with particular
attention to the occurrence of renal fibrosis. We examined
renal morphology at early and late stages of platinum
compound treatment. The progression of renal lesions was
determined immunohistochemically by following the
distribution pattern of E-cadherin (E-cad), vimentin (VIM)
and α-smooth muscle actin (αSMA) within the renal
parenchyma of control and treated rats at different ages.
Changes in their expression could denote epithelial-
mesenchymal transition (EMT), a process that is implicated
in renal fibrogenesis as stems from emerging evidence (20).
Renal accumulation of platinum was also measured in all
samples.

Materials and Methods 

Animal care and treatment. Female Wistar rats and their neonatal
offspring (Charles River Laboratories, Calco Lecco, Italy) were
housed in plastic cages, maintained in controlled conditions (22˚C
with a 12 h light-dark cycle) and provided with rat chow and tap
water ad libitum. 

Ten-day-old neonatal rats (postnatal day 10, PD10), weighing 16-
23 g, were given a single subcutaneous injection of either cisplatin
(0.5 mg/ml; Teva Pharma, Assago Milano, Italy) or PtAcacDMS at
a dose of 5 mg/kg b.w. Each solution was prepared immediately
before use. The dose, corresponding to a therapeutic dose (21), was
based on our previous experimental studies (17, 18). Before
necropsy, each animal was anesthetized with an intraperitoneal
injection of 35% chloral hydrate (100 μl/100 g b.w.; Sigma, St.
Louis, MO, USA). Treated animals were killed 1 day (PD11), 7
days (PD17), 21 days (PD31) and 40 days (PD50) after the injection.
These end-points were selected to compare the nephrotoxic effects
on developing and mature kidneys. Treated groups of animals (n=6)
and control animals (n=4) were killed at each of four examination
points. Body weights of the animals were measured. 

Animal care and experimental procedures of this study were
carried out in compliance with Italian institutional guidelines (art.4
and 5 of DDL 116/92). All efforts were made to minimize the
number of animals used and their suffering.

Sample processing. Kidneys were removed bilaterally from each
animal and were sagittally hemi-sectioned through the hilus for
histopathology. Pieces of both halves of each kidney were either
fixed by immersion for 24 h in 2% paraformaldehyde (Sigma
Chemical Co., St. Louis, MO, USA) in 0.1 M phosphate buffer pH
7.4, embedded in Paraplast wax and sectioned at 5 μm thickness; or
fixed by immersion for 3h in ice-cold 1.5% glutaraldehyde
(Polysciences Inc., Warrington, PA, USA) in 0.05M cacodylate
buffer pH 7.4 and post-fixed with 1% OsO4 (Sigma Chemical Co.)
in the same buffer for 2 h at 4˚C, dehydrated in graded series of
ethanol, embedded in Epon 812 and sectioned with a C. Reichert
OMU3 ultramicrotome (Reichert, Vienna, Austria) to obtain semi-
thin sections (1μm thick) and ultrathin sections (600 Å thick). 

Platinum determination. Frozen pieces of kidney from treated and
untreated rats were lyophilized using a LIO 5P lyophilizer
(Cinquepascal, Milan, Italy). The material collected was then
aliquoted and stored at –80˚C until analysis. The total amount of

platinum uptake was performed at CIRCMSB (Consorzio
Interuniversitario di Chimica dei Metalli nei Sistemi Biologici, Bari,
Italy) by Inductively Coupled PlasmaMass Spectrometry (ICP-MS;
Varian ICP-MS 820-MS with autosampler/autodiluter SPS3). The
total Pt amount was determined in acid digested mouse kidney,
applying the digestion procedure used for organic matrices (22). The
data obtained were expressed in μg Pt/kg dry tissue. 

Tissue morphology and number of glomeruli. For light
microscopy, Paraplast-embedded sections were stained either with
hematoxylin-eosin (H&E) or Periodic Acid-Schiff (PAS) reaction
and Epon-embedded semi-thin sections were stained with 1%
Toluidine Blue (TB).

Histological sections were used to count the number of glomeruli
in control and treated adult rats at PD50. The counts were made
under the light microscope (objective x40) by an observer blinded to
the treatment group. For each untreated control (n=4) and treated
rat (n=4 with cisplatin, n=4 with PtAcacDMS), 6 sections (random
areas every 50 μm approximately for each section) were examined.
Results were recorded on Microsoft Office Excel Software
spreadsheets and are reported as the mean±standard deviation. The
statistical significance of any differences between control and
treated animals was determined by the Student's t-Test.

For electron microscopy, ultrathin sections were contrasted with
uranyl acetate and Reynold’s lead citrate solution. The specimens
were then observed under a Zeiss EM 300 electron microscope (Carl
Zeiss SpA, Oberkochen, West Germany) at 80 Kv. 

Immunohistochemistry. For immunohistochemical analysis, all
sections were run simultaneously under identical conditions. They
were dewaxed in xylene and rehydrated in a decreasing ethanol
series. The endogenous peroxidases were suppressed by incubation
of sections with 3% H2O2 in 10% methanol in phosphate-buffered
saline (PBS; Sigma) for 20 min at room temperature. For antigen
retrieval, deparaffinized sections were pretreated in 10 mM TET-
buffer (pH 9) by microwave heating for 10 min; they were then
incubated in a dark moist chamber with each primary antibody
diluted in PBS: anti-E-Cad (1:100, Mouse monoclonal, M3612,
Dako, North America, CA, USA at room temperature for 60 min),
anti-VIM (ready to use, Mouse monoclonal, IS630, Dako, Glostrup,
Denmark, at 4˚C overnight), anti-αSMA (ready to use, Mouse
monoclonal, IS611, Dako, Glostrup, Denmark, at 4˚C overnight). 

All sections were briefly washed twice with PBS at room
temperature. Reactions were revealed (30 min at room temperature)
with the peroxidase-conjugated EnVision+System HRP (K4000,
anti-mouse; Dako, North America, CA, USA), using 3,3-
diaminobenzidine (DAB; Dako, North America, CA, USA) as
chromogen substrate. The sections were briefly counterstained with
haematoxylin, dehydrated and mounted with Entellan. Negative
controls were obtained both by omitting the primary antibody and
by replacing the primary antibody with non-immunized mouse
serum; positive controls were performed as suggested by the
manufacturer. 

All slides were observed and with a Zeiss Axioskop 2 Plus light
microscope equipped with Differential Interference Contrast (DIC)
system (Carl Zeiss Microimaging, Jena, Germany) and then
photographed with a Canon EOS 1100D utilized at 6 megapixel
(Tokyo, Japan). 

Immunoreactivity of control and treated samples were semi-
quantitatively scored by two independent observers as follows: –,
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negative; +/– very weak staining; +, weak staining; ++, moderate
staining; +++, intense staining.

Results
Mortality and body weight. At the dose used in the study, no
deaths occurred in either of the treated groups. As shown in
Figure 1, no significant changes in group mean body weights
were observed at any study stage. The body weights ranged
from 17-24 g at PD11; from 34-41 g at PD17; from 90-196
g at PD31 and from 179-192 g at PD50. 

Kidney platinum content. Kidney platinum content in
PtAcacDMS-treated samples was considerably higher with
respect to cisplatin-treated samples at each stage of
development and was particularly significant at PD11 and
PD17 (Figure 2). Of note, higher platinum content was still
evident in PtAcacDMS samples at PD31 and PD50. In
controls, platinum content was practically nil (data not shown). 

Histopathology of the kidneys. Sections of rat kidney of all
ages stained with both H&E and PAS reaction and semi-thin
sections were examined by light microscopy. During the
neonatal phase, special attention was given to the
nephrogenic zone within the cortex; particularly interesting
samples were then examined for their ultrastructure.

In neonatal controls, a number of developing renal
corpuscles and elongated tubules of the medullary rays were
detected within the cortex of the renal parenchyma (Figure
3A). The tubules were separated from each other by interstitial
cells of fusiform profile, especially in the medullary zone. At
PD31 and PD50, the control samples exhibited typical mature
renal parenchyma with numerous nephrons. After PAS
reaction (Figure 3B), a thin basal lamina was seen lining the
glomeruli and the renal tubules; proximal tubules exhibited
regularly stained brush borders. In comparison with neonates,

the interstitial cells were less numerous, especially in the
cortex as compared to the medulla.

Generally, the cortical nephrogenic zone in neonatal
PtAcacDMS-treated rats showed similarity with control
samples having some immature nephrons present; the
elongated medullary rays were supported by a regular
arrangement of peritubular interstitial cells (Figure 3C). At
PD17, rare altered renal tubules were seen within the cortex
(Figure 3C inset). Of particular note was a semi-thin section
showing a single epithelial cell in the act of migrating out of
a dilated tubule section towards the surrounding fibrotic area
(Figure 3D). In the adult samples, both the cortex and the
medulla appeared most similar to controls (Figure 3E and F). 

Tubulointerstitial alterations were noticed in the renal
parenchyma of cisplatin-injected rats, the degree of which
varied with age. As compared to controls, cisplatin induced
early changes in neonatal rats affecting primarily the outer
renal cortex where some dilated tubules were noted (Figure
4A). At PD31 and most notably at PD50, the PAS reaction
revealed recurrent dilated tubules rimmed with flattened
epithelia and variable numbers of surrounding interstitial
cells (Figure 4B). In both semi-thin and ultrastructural
sections of adult samples, injured tubules displayed irregular,
spindle-shaped or flattened epithelial cells and thickened
basal lamina below; sporadic detaching cells in the lumen
were observed (Figure 4C). Infiltrating cells were
occasionally seen beneath the epithelial cells of altered
tubules at both light and electron microscopy (Figure 4D).
Noteworthy was the observation of single epithelial cell
migrating through the plane of an altered tubule toward the
interstitium at both light (Figure 4E) and electron microscope
(Figure 4F).

Number of glomeruli. Glomeruli count was performed at
PD50, i.e. upon nephrogenesis completion. There was a
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Figure 1. Body weight of control and treated animals. 

Figure 2. Kidney platinum content after cisplatin and PtAcacDMS
treatment: the bar charts show that, at each stage, the kidney platinum
content after PtAcacDMS treatment was significantly higher than after
cisplatin. Values are expressed as the mean±S.D. The significance was
tested by the Student’s t-test. *p<0.05, **p<0.01, ***p<0.001.



considerable reduction in glomeruli number in cisplatin-
treated samples compared to both control- and PtAcacDMS-
treated samples (Figure 5). Differences between control
animals and treated samples and between the two treated
groups were statistically significant.

Immunoreactivity for E-cadherin. In control neonatal rat
kidneys, strong E-cad immunoexpression labelled the

epithelia of the medullary rays and their peripheral branches,
the distal tubules and the macula densa, while proximal
tubules were faintly stained (Figure 6A). In differentiated
renal cortex of controls, the immunoreaction was restricted
to the epithelia of the distal tubules and the macula densa
and also that of the collecting ducts in a basolateral pattern
(Figure 6B). At every stage, most medullary tubules showed
moderate to intense E-cad positivity.
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Figure 3. Periodic Acid-Schiff (PAS) reaction, Toluidine Blue (TB) staining. Control kidney (A-B) and PtAcacDMS-treated samples (C-F). A. Nephrogenic
areas in control neonatal kidney; B. Differentiated cortex at PD50. C. Neonatal PtAcacDMS-samples showing normal cortex and a fibrotic area at
PD17 (asterisk, inset). D. Note the apparent migration of one epithelial cell (arrow) towards the peritubular interstitium within a fibrotic focus at PD17.
E, F. Normal renal morphology of PtAcacDMS-samples at PD50. Original magnification: A, C ×20; A inset, B, E, F ×40; D ×100.



The pattern of E-cad labelling in the kidney of
PtAcacDMS-treated rats generally appeared similar to control
groups at every stage. Specifically, moderate to intense
immunostaining was observed in several cortical tubules and
medullary rays of neonatal rats (Figure 6C). In adults, the
collecting duct segments and the medullary tubules displayed
intense basolateral immunoreactivity (Figure 6D). 

After treatment with cisplatin, the epithelia of numerous
cortical and most medullary tubules of neonatal kidneys
showed E-cad labelling. However, starting from PD17, some
cortical tubules exhibited uneven positivity; among these,
some tubules localized within a fibrotic area were also
dilated (Figure 6E). In the adult samples, epithelia of certain
tubules displayed heterogeneous E-cad expression in both
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Figure 4. Periodic Acid-Schiff (PAS) reaction, Toluidine Blue (TB) staining, ultrastructural images. Cisplatin-treated samples: newborn (A) and
adult samples (B) showing altered tubules; in C a few tubules with flattened epithelia and thick basal lamina below (asterisk) are seen; in (D) tubule
epithelia are surrounded by inflammatory cells; note an occasional infiltrating cells (thin arrows). In both (E) and (F) migrating epithelial cells
towards the interstitium are visible (thick arrows); in (F) note interruption of the basal membrane. Original magnification: A, B ×20; C, D, E ×60;
C, D insets, and F×3000.



cortex and medulla. Most importantly, a number of cortical
tubules with flattened epithelia did not show any evidence of
E-cad (Figure 6F).

Immunoreactivity for vimentin. In control kidneys,
peritubular interstitial cells, blood vessels and some
glomerular cells -likely mesangial cells- were VIM-reactive.
Compared to neonatal samples (Figure 7A), in adult samples
peritubular VIM-labelling had diminished, especially in the
cortex as compared to the medulla (Figure 7B).

The pattern of VIM labelling in the kidney of PtAcacDMS-
treated rats generally appeared most similar to control groups
at all stages. Along with glomeruli and vascular endothelia,
intense VIM-positivity was typically apparent in
mesenchymal cells of all renal zones at PD11 (Figure 7C) and
PD17, declining in adult rats (Figure 7D). Rarely, tubule
epithelia that reacted to VIM were seen within the cortex
interspersed among the negative tubules at PD17 (Figure 7C)
and in adult samples (Figure 7D); sporadic interstitial cells
expressed VIM-positivity within the cortex of adults.

Compared to controls, within the renal parenchyma of
cisplatin-treated samples remarkable changes were noted in
the distribution of VIM-positivity from PD17 and
culminating at PD50. In particular, at PD17, some VIM-
immunoreactive tubules were noted within the cortex (Figure
7E); the VIM-labelled tubules were more numerous in the
cortex of adult samples (Figure 7 F-H). In particular, at PD50
(Figure 7G), cortical dilated tubules were lined with flattened
epithelia showing strong VIM expression; the more they
exhibited a mesenchymal-like aspect the more they were
reactive for vimentin. Occasional tubule epithelia showed a
mosaic of VIM-positive and negative cells within the cortico-
medulla (Figure 7H). Notable was a single spindle-shaped
VIM-reactive cell observed in the act of detaching
themselves from neighbouring epithelial cells (Figure 7F
inset). Numerous reactive interstitial cells were seen close to
altered tubules (Figure 7G). 

Immunoreactivity for αSMA. In both controls (Figure 8A)
and PtAcacDMS-treated neonatal rats (Figure 8C), an intense
immunoreaction for αSMA labelled the interstitial cells in
the renal parenchyma. Normally, peritubular αSMA
disappeared and was no longer detectable in the cortex of
control (Figure 8B) and PtAcacDMS-treated adult samples
(Figure 8D), apart from very infrequent immunoreactive
peritubular cells (Figure 8D inset). The glomeruli of the
neonates weakly reacted to αSMA, while they showed no
evidence of αSMA immunopositivity in all adult samples;
blood vessels were reactive for αSMA in all samples.

After incubation for αSMA, some changes were detected
when comparing neonatal cisplatin-treated samples with
controls. As from PD17 (Figure 8E), and mainly in adult
rats, moderate to intense αSMA-reactivity around some

tubules was observed in cisplatin-treated samples (Figure 8F,
G and H) compared both to controls and PtAcacDMS-treated
rats. Generally, at PD50, the pattern of immunoreactivity in
the outer cortex consisted in intense peritubular staining all
around a few injured dilated tubules with flattened epithelia
(Figure 8 G and H). 

Semi-quantitative evaluation of immunohistochemical
stainings to E-cad, VIM and αSMA are summarized in Table I.

Discussion 

Given that platinum derivative PtAcacDMS has been shown
to perform a higher antitumor activity than cisplatin (15, 16,
23), we have dedicated the current study to compare both
short and long-term nephrotoxic effects of a single dose of
cisplatin vs. one of PtAcacDMS in rat kidney through
histochemical analyses and certain immunohistochemical
markers.

Our comparison between the differently treated groups
and between these and control animals, besides the changes
correlated to typical developmental processes (24), has
evidenced a progressive renal tubulointerstitial fibrosis in
cisplatin-treated rats, affecting in particular the outer renal
cortex. Worthy of note was the correlation between
histopathological changes and age, with alterations appearing
more critical in adult rats than in neonatal ones, mainly after
cisplatin treatment. Actually, in all adult rats treated with
PtAcacDMS the occurrence of very few and restricted
fibrotic lesions within regular cortex was the usual
histological feature. 

A significant finding was the reduced number of glomeruli
recorded in adult cisplatin samples compared to those with
PtAcacDMS, a likely result of incomplete nephron
development after cisplatin dosage. 
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Figure 5. Number of glomeruli in sections of controls and treated rats at
PD50.



In semi-thin sections of the treated samples, we detected
tubulointerstitial changes confirming more severe fibrotic
lesions in adult cisplatin-treated samples than in those treated
with PtAcacDMS. Yet, we observed a remarkable event in
two differently treated samples, namely, single cells exiting

the confines of a tubule within a fibrotic lesion and migrating
towards the neighbouring interstitium. This finding is of
particular importance to the discussion on the role of EMT in
renal fibrogenesis in light of the fact that some authors claim
that no study has actually caught transformed epithelial cells
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Figure 6. Immunohistochemistry for E-cadherin. The epithelia of collecting ducts and distal tubules are reactive at the basolateral membranes in new-
born controls (A) and in PtAcacDMS-samples (C); irregularly-stained tubule epithelia are visible in neonatal cisplatin-treated samples (E, arrows).
Compared to adult control (B) and PtAcacDMS samples (D), in PD50 cisplatin-treated rats some cortical tubules are weakly-stained or totally
negative (F, asterisk). Minor differences are observed by comparing medullary tubules of the two treated groups (D and F insets). Original
magnification: A- F, ×40.
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Figure 7. Immunohistochemistry for vimentin. VIM expression is present in the interstitium, glomeruli and capillary endothelia of new-born (A) and
adult control rats (B). Neonatal (C) and adult PtAcacDMS-treated samples (D) show sporadic VIM-positive tubule epithelia (arrows). In neonates
a few cortical tubules are reactive after cisplatin-treatment (E). A number of reactive tubules are seen within the parenchyma of cisplatin-treated
samples at PD31 (F) and PD50 (G, H). Note single migrating immunolabelled cells in F (inset). Original magnification: A, C, E, F ×20; B, D, E
inset ×40; G, H, C and F inset, ×60.
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Figure 8. Immunohistochemistry for αSMA. Peritubular interstitial staining is evident in neonatal control rats (A) and after PtACacDMS (C). In
control (B) and PtAcacDMS (D) adults the reaction is decreased, except for small focal peritubular interstitium in PtAcacDMS adults (inset, arrow).
In new-born cisplatin-treated samples dense focal αSMA deposits are present in nearby altered epithelia (E); in adult samples αSMA immunoreaction
is evident encircling some tubules and glomeruli (F-H). In (H), strong reaction to αSMA around negative and dilated cortical tubules is observable.
(Note that the same tubules express VIM-positivity in Figure 7G). Original magnification: A-E, B-F ×20; G, H ×60; D inset ×60; E inset ×40.



in the act of crossing the basal membrane into the
interstitium (25-30). One exception does exist, however, in
which the migration of a single epithelial cell, likely the
intercalated cell of the collecting duct, was observed in a
model of obstructed foetal-monkey kidney (31).

Besides histopathological findings, our immunohistological
findings pose some interesting considerations on EMT and
platinum-induced fibrogenesis. 

EMT, first described as a process appearing during
embryogenesis (32), is thought to be the key mechanism
triggering tubulointerstitial fibrosis under certain pathological
conditions (33-45). 

In keeping with literature (46-48), we found in our control
rats tubular E-cad immunopositivity primarily expressed at
the basolateral membrane of adjacent epithelial cells of both
collecting and distal tubules, while proximal tubules were
negative. Accordingly, we considered those showing irregular
E-cad reaction, present predominantly in cisplatin-treated
rats, as damaged collecting tubules likely undergoing EMT.
Interestingly, a few of them with cuboidal epithelia showed
variable degrees of staining, while others, composed of
fusiform-shaped cells, were completely negative for E-cad.
Some studies suggest that, in pathological conditions, the
reduction of E-cad, a transmembrane glycoprotein that is a
typical marker of differentiated epithelia, is an early hallmark
of EMT (49-52). 

As regard the fibroblast markers -vimentin and αSMA-
our findings on new-born and adult control rats demonstrated
that gradual postnatal changes in the phenotype of cortical
peritubular fibroblast parallel the functional maturation of
tubular epithelia within the cortex in line with other reports
(53-55). According to the aforementioned studies, intense
interstitial cell expression of vimentin and αSMA have been

associated with cell motility and the response to stretch and
shearing forces accompanying nephrogenesis and tubular
growth in the developing kidney. 

Generally, our samples of neonatal rats treated with either of
the platinum compounds were similar to the controls of the
same age. However, starting from PD17, de novo expression of
vimentin was evident in some tubule epithelia after both
treatments. In cisplatin-treated animals, most epithelial cells
showing VIM-positivity also exhibited fusiform mesenchymal-
like morphology. Remarkably, while the amount of VIM
immunolabelled tubules increased with the age of the rats in the
majority of cisplatin-treated samples displaying damaged
cortical areas, such staining was infrequent in adult
PtAcacDMS-treated rats. Also based on our observations under
the light microscope on semi-thin sections, it is likely that the
majority of damaged tubules expressing intense vimentin are
collecting ducts. This finding is not surprising considering that
only epithelia in the collecting ducts show a transient expression
of vimentin in developing kidneys, whereas it is not present in
mature ones (56). Moreover, epithelia in the collecting ducts are
particular prone to express this marker in response to fibrosis as
reported in an in vivo (31) and in an in vitro study (57). 

Concerning αSMA, unlike numerous reports demonstrating
αSMA-positive epithelial cells in various in vivo models of
kidney fibrosis in adult organisms, this study did not find any
αSMA-reactive epithelia in any injured tubules at any time
points. However, mainly after cisplatin treatment, αSMA-
positive peritubular interstitium displaying variable intensity
and thickness contoured damaged tubules. 

Interestingly, recent studies suggest that EMT induces a
variety of intermediate cell phenotypes, not all of which
complete their transition to fibroblast (35, 58, 20). Accordingly,
these intermediate cell phenotypes may be transient and
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Table I. Immunohistochemical reactivity to E-cadherin (E-cad), vimentin (VIM), α smooth muscle actin (αSMA) in the renal cortex of control and
treated rats. 

Antibody to PD11 PD17 PD31 PD50  

Groups IC EC IC EC IC EC IC EC

E-cad Control – ++/+++ – ++/+++ – ++/ +++ – ++/+++
PtAcacDMS – ++/+++ – ++/+++ – ++/+++ – ++/+++
CisPt – ++/+++ – ++/+++a – +/+++a – –, +/+++a

VIM Control  ++ – ++ – +/– – +/– –
PtAcacDMS ++ – ++ +b +/– +b +/– +/++b

CisPt  ++ – ++ +/++b + +/++b + +/+++a

αSMA Control ++ – ++ – +/– – +/– –
PtAcacDMS ++ – ++ – +/– – + –
CisPt ++ – ++ – ++b – ++/+++b –

IC, Interstitial cells; EC, epithelial cells. Scoring criteria as follows: –, negative; +/– very weak staining; +, weak staining; ++, moderate; +++,
intense staining. aheterogeneous staining; bfocal staining.



potentially reversible, thus allowing injured tubule cells to
escape cell death and probably to repair damaged tubules if the
inducer is removed. Moreover, Galichon et al. (59) suggest that
EMT, also referred as “Epithelial Phenotypic Changes” (EPC),
may reflect an exposure to a profibrotic environment, at an
early and potentially reversible state. 

Along with the histopathological findings, we found
significant differences in kidney platinum content following
the administration of the two platinum compounds: renal
platinum content was higher after PtAcacDMS at each stage,
at the same time that less serious nephrotoxicity was
produced, even at PD50. The higher content of platinum
found in kidney and brain (18) after PtAcacDMS fits with
the data from in vitro studies on HeLa and MCF-7 cancer
cells (15, 16) in which PtAcacDMS was taken-up at a higher
rate and reached a nearly 10-times higher content than that of
cisplatin. As the cytostatic effect of a platinum compound is
directly related to its cell content, PtAcacDMS could have
the considerable advantage of being used at a lower dose,
thus reducing the risk of side-effects and drug resistance. 

In conclusion, the present experimental model was proven
suitable to investigate the occurrence of EMT in renal
fibrogenesis. Besides the immunohistochemical results, the
detection of occasional epithelial cells in the act of migrating
to the interstitium in fibrotic areas, considering some authors'
claims that there is no morphological recorded evidence of
EMT involvement in fibrogenesis, is yet another important
finding of this study. Finally, the present data, which confirm
both our previous works demonstrating minor neurotoxic
effects (17-19) and studies corroborating its remarkable
antitumour activity and antimetastatic response (15, 16, 23,
60, 61), indicate that PtAcacDMS may be a potential
alternative to the more toxic cisplatin. 
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