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Acute doxorubicin-loaded nanoparticle (DXNP) renal toxicity was
explored in both normal rats and rats with experimental glomerulo-
nephritis. In normal rats, 2/6 rats given free dgxorubicin (DX) (S mg
/ kg) died within one week, whereas all control animals and all rats
having received free NP or DXNP survived. A 3 times higher pro-
teinuria appeared in animals treated with DXNP than in those
treated with DX. Free NP did not provoke any proteinuria. Two hr
post-injection, DXNP was 2.7 times more concentrated in kidneys
than free DX (p<0.025). In rats with immune experimental glomer-
ulonephritis, 5/6 rats given DX died within 7 days, in contrast to
animals treated by DXNP, NP, or untreated, which all survived.
Proteinuria appeared in all series, but was 2-5 times more intense
(p>0.001) and prolonged after doxorubicin treatment (400-700 mg /
day), without significant difference between DXNP and DX. Rats
treated by unloaded NP behaved as controls. These results demon-
strate that, in these experimental conditions, DXNP killed less an-
imals than free DX, despite of an enhanced renal toxicity of the
former. Both effects (better survival and nephrosis) are most prob-
ably related to an enhanced capture of DXNP by cells of the mono-
nuclear phagocyte system, including mesangial cells.
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INTRODUCTION

Doxorubicin (DX) is a widely used anticancer anthracy-
clin drug (Adriamycin®, Adriblastina®), acting as an interca-
lating agent into DNA strains. Its cardiac toxicity is a serious
limitation for clinical use: besides an acute and reversible
toxicity, causing arrythmia and conduction disorders,
chronic and irreversible damages frequently occur after ad-
ministration of a cumulative dose of 450-500 mg / m?. More-
over, potentially severe haematological and gastrointestinal
disorders are frequently observed.

Injection of DX using drug targeting aims at increas-
ing the tumor uptake while lowering adverse cardiac effects.
For this purpose, polyalkylcyanoacrylate nanoparticles (NP)
loaded with doxorubicin were successfully tested in experi-
mental and clinical conditions (1-7). However, these parti-
cles also accumulate in reticuloendothelial cells, and in other
cells with endocytosis capabilities, such as glomerular mes-
angial cells (8). By contrast, they do not accumulate in tu-
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bules (8). Chronic renal (mainly glomerular) toxicity has
been previously described by Okuda et al. (9), after i.v. ad-
ministration of two sequential DX injections (2 mg / kg) at
20-day interval. Under these conditions, no general acute
toxicity was observed, but an increased and long-lasting (>
28 weeks) proteinuria was noted shortly after the second
injection.

The aim of the present study was to test the acute renal
toxicity of DX nanoparticles in normal rats and in animals
with glomerular inflammation, and to compare it with that of
free DX and of unloaded NP.

MATERIALS AND METHODS

Nanoparticles

Polyisobutylcyanoacrylate drug-unloaded (‘‘nude’’)
nanoparticles (NP) were prepared as previously described
(2). Briefly, the monomer (Ethnor, Paris, France) was added
at room temperature to an aqueous solution (100 pl / 10 ml)
of 1072 M H,PO, containing 1% dextran 70 and 5% glucose,
under continuous mechanical stirring. After 30 min of poly-
merization, the resulting NP formed a stable and homoge-
neous milky suspension (mean diameter of the particles mea-
sured by laser light scattering (Nanosizer, Coulter): 150 = 16
nm).

Doxorubicin loaded-NP (DXNP) were provided under
lyophilized form by Sopar Biochem (Belgium) (1 mg DX/ 10
mg monomer). An homogeneous and red suspension was
obtained by the addition of a pH 7.4, 0.1 M phosphate buffer.
The particle mean diameter was 150 = 18 nm.

Solutions of free doxorubicin (DX) (Farmitalia, Italy),
containing all the same reagents except the cyanoacrylic
monomer were also used for comparison.

Control solutions consisted of pH 7.4, 0.1 M phosphate
buffer.

Animal Experiments

Control Rats. Eight groups of 6 normal Sprague-
Dawley rats each (220 + 20 g) received i.v. DXNP (group 1:
5 mg DX/ kg), free DX (group 2: S mg / kg), unloaded NP (50
mg / kg, group 3), or phosphate buffer (group 4, control).

Rats with Glomerulonephritis. An acute proliferative
glomerulonephritis was induced in 4 groups of 6 Sprague-
Dawley rats (240 = 20 g), according to a previously de-
scribed protocol (10); briefly,

¢ on day —7, all rats received i.p. 2 mg of rabbit IgG
mixed with Complete Freund’s adjuvant.

¢ on day 0, all the animals were injected i.v. with 1 mg
of rabbit anti-rat glomerular basement membrane IgG anti-
bodies, together with 5 mg of free DX / kg (group 1), DXNP
containing 5 mg of DX / kg and 50 mg of NP / kg (group 2),
50 mg / kg of NP (group 3), or phosphate buffer (group 4,
control).

® between days + 2 and + 5, many mononuclear phago-
cytes infiltrated the glomeruli and, simultaneously, a patho-
logical proteinuria occurred.

Proteinuria was measured daily for 10 days by the
method of Kingsbury and Clarcke (11). Protein assays were
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performed as previously described (12). Rats were then sac-
rificed and their kidneys were examined by light microscopy
and by immunofluorescence using anti-rabbit IgG, anti-rat
IgG and anti-rat C3 antisera conjugated to fluorescein (10,
13). DX content in kidney tissue was analyzed by HPLC,
according to Bertani et al. (13) (samples extracted in isopro-
panol; solvent: acetonitrile: water: 0.1M phosphoric acid
(34: 40: 26); flow rate 1 ml/min; 25 ¢cm Li Chrosorb C-18
column; sensitivity 10 ng / g).

Statistical Analysis

All parameters were expressed by mean * standard de-
viation. Student’s t test was used to compare each point of
the proteinuria curves.

RESULTS

Normal Rats (Table 1)

No animal of the groups 1,3 and 4 died during the 10 day
observation period. Conversely, 2 / 6 rats given free DX
(group 2) had died by the end of the experiment. Creatinin
and urea serum concentrations on the 7th day post-injection
were normal in the 4 series.

Proteinuria was more significantly enhanced (p < 0.001)
in rats having received DXNP (460 + 110 mg / day on day 7,
for S mg DX / kg) than in animals injected with free DX (115
+ 47 mg /day) NP did not induce any proteinuria.

Kidneys contained 2.7 times higher DX concentration 2
h after i.v. injection of S mg DXNP / kg than after adminis-
tration of the same dose of free DX (p < 0.025). Immuno-
fluorescence microscopy did not display any significant le-
sion in any series.

Rats with Proliferative Glomerulonephritis (Table 2)

Five out of 6 rats having received 5 mg of free DX died
between the second and the sixth day post-injection. As
compared to control rats, serum creatinin and urea concen-
tration were not modified by unloaded NP administration;
these parameters were not significantly enhanced in rats in-
jected with DXNP but they strongly increased in the unique
survivor of the second series (DX)

As expected (10), proteinuria appeared in control ani-
mals, reaching a maximum on day 3, slowly decreasing
thereafter. Proteinuria clearly worsened when using DXNP
or DX (p < 0.001), but not with unloaded NP. There was no
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significant difference between DX and DXNP series. After
immunostaining (10), linear glomerular deposits of rabbit
1gG, rat IgG and rat C3 were observed by optical microscopy
in all groups of animals, without marked differences in the
glomerular infiltration by mononuclear phagocytes.

DISCUSSION

As Bertani et al. (13), we confirm that free DX provokes
adverse effects on normal rat kidneys at relatively high dose
(5 mg / kg) but we also demonstrate that this effect is strongly
amplified when the drug is associated to NP. According to
one of our previous studies (8), it is likely that this toxicity,
never observed with free NP, has to be related to a modifi-
cation of the drug distribution, leading to a strong uptake by
glomerular mesangial cells as well as by scattered resident
monocytes. It is unlikely that such a targeting could amplify
tubular toxicity, since it has been previously demonstrated
that NP did not accumulate in the tubules (8).

In animals with acute proliferative glomerulonephritis,
severity of renal disease was enhanced in the presence of
doxorubicin, without significant difference between the two
galenic forms. These results suggest that an increase of DX
concentration in activated macrophages is not an essential
factor for proteinuria induced by immune complexes. How-
ever, in spite of the severe proteinuria, DXNP never im-
paired but rather improved slightly urea and creatinin blood
balance, as compared to free DX. Moreover, for the same
DX dose that, under free form, killed S / 6 animals within a
week, no one rat injected with DXNP died. This better sur-
vival rate with DXNP is probably due to the relative protec-
tion of myocardial and gastrointestinal cells, that all display
low endocytosis capabilities for nanoparticles (3-6).

In summary, doxorubicin delivery by means of nanopar-
ticles can induce acute renal damage (proteinuria), that has
to be related to a higher uptake of the drug by certain renal
glomerular cells with endocytosis capabilities. Chronic tox-
icity data with DXNP are not available but deserve to be
investigated later on. Since renal chronic toxicity occurs af-
ter repeated administrations of free drug (9), it could be im-
portant to assess whether association of DX to NP could also
modify this long term nephrotoxicity. However, these data
on acute renal toxicity of DXNP does not seem to be suffi-
ciently severe to prevent one from taking advantage of the
benefits of doxorubicin targetting, for both tumour destruc-
tion and myocardium protection.

Table 1: Renal toxicity studies and doxorubicin concentration in normal rat Kidneys

DXNP DX NP Control

Number of rats 6 6 6 6
Dead (till day 7) 0 2 0 0
Blood creatinin (mg / | on day 7) < 10 (NI) < 10 (NI) < 10 (NI) < 10 (NI)
Blood urea (mg /1 on day 7) < 500 (NI) < 500 (NI) < 500 (NI) < 500 (NI)
Proteinuria (mg / day on day 7) 460 = 110 115 = 47 <10 <10

p < 0.001
DX concentration in kidneys (ug / g at 2 hr) 70 = 21 26 = 10 / /

p < 0.025

Injected doses: DXNP: 5 mg DX / kg; 50 mg NP / kg, DX: 5 mg / kg, NP: 50 mg / kg.
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Table 2: Renal toxicity studies in rats with experimental proliferative glomerulonephritis
DXNP DX NP Control
Number of rats 6 6 6 6
Dead (till day 7) 0 5 0 0
Blood creatinin (mg / 1 on day 7) 9+ 3 17 6+ 3 7 2
Blood urea (mg / 1 on day 7) 780 + 200 1500 < 500 570 = 150
Proteinuria (on day 3) 540 = 192 515 £ 132 352 = 142 342 = 33
(mg/day) (on day 5) 459 = 111 708 = 556 160 = 56 171 = 53
(on day 7) 461 = 81 265 70 = 22 66 = 13

Student t test for proteinuria: DXNP - DX: p = NS on days 3, 5 and 7; DXNP - NP: p < 0.001 on days 3, 5 and 7; DX - NP: p < 0.001

on days 3 and 5; NS on day 7; NP - control: p = NS on days 3, 5 and 7.
Injected doses: DXNP: 5 mg DX / kg; 50 mg NP / kg, DX: 5 mg / kg, NP: 50 mg / kg.
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