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Summary 

This paper describes tissue distribution, blood clearance and excretion of biode- 
gradable c:znoacrylic nanoparticles. 

After intravenous administration, nanoparticies were rapidly cleared from the 
blood stream and concentrated mainly in the reticuloendothelial system. When 
administrated subcutaneously. nanoparticles seemed to avoid the liver and the 
spleen whereas they concentrated in the gut wall. 

Whole body autoradiography performed on Lewis Lung carcinoma-bearing mice 
showed progressive accumulation of the carrier in tumoral tissue. Furthermore a 
high level of radioactivity was found in the metastatic lungs of cancerous animals, 
whereas no hmg accumulation was observed in healthy mice. Data are given 
concerning the enzymatic contribution to the degradation of the nanoparticles in 
vivo 

Introduction 

Recently, we developed a drug colloidal carrier mode of polyalkylcyanoacrylate 
having a diameter of about 0.2 pm (Couvreur et al., 1978; Couvreur et al., 1979a and 
b). Due to their polymeric nature, these small particles may be more stable than 
liposomes in biological fluids and have a longer she]<-life (Kimelberg et al., 1975; 
Couvreur et al., 1979b). Another advantage is that these particles are more or less 
quickly degraded depending on the length of their alkyl chain (Couvreur et al., 
1979b; Leonard et al., 1966: Vezin et al., 1980). This carrier is able to adsorb with 
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high efficiency a large variety of drugs in a stable and reproducible way (Couvreur et 
al., 1980a). Also, it has been d,emonstrated that these particles can profoundly 
modify the {distribution pattern of some anticancer drugs (Couvrcur et al.. 1980b; 
Kante et al., 1980). 

Recently, we described preliminiq results indicating that the use of polymethyl- 
cyanoacrylate nanoparticles as drug-carrier considerably increased the anticancer 
activity of dactinomycin towards experimental subcutaneous sarcoma of the rat 
(Brasseur et al., 1978). It is furthermore postulated that these particles could be of 
interest in the field of long-acting insttlin therapy (Couvreur et al., 1980~). The first 
toxicological data obtained at the cellu,lar and in vivo levels did not demonstrate any 
acute toxicity able to hinder the use of polyalkylcyanoacrylate nanoparticles in 
human medicine (Kante et al., 1982). Indeed, the possibility of reducing significantly 
the toxicity of doxorubicin by fixing it on polyisobutylcyanoacrylate nanoparticles 
has been demonstrated (Couvreur et al., 1982a). 

It was important, however, to determine pharmacokinetic parameters, whole-body 
distribution and tumor localization after intravenous administration of the carrier 
alone. Likewise, this paper describes the influence of nanoparticles routes of 
administration on these pharmacological parameters. Finally. we demonstrate the 
enzymatic contribution to the degradation &f nanoparticles. 

Materials and Methods 

Malerials 
Radioactive monomer was purchased from I.R.E. (Institut des Radiottlements, 

Fleurus, Belgium). Cold monomer was kimly obtained from Loctite (Dublin. 
Ireland). 

The chemicals used for radiation counting (1,nstagel and Carbomax) were respec- 
tively obtained from Packard Instruments S&. Benelux (Brussels, Belgium) and 
from Lumac (Basel, Switz.erland). 

Other chemical compounds were of reagent .yade and used as purchased. The 
radiosensitive films (Curix) were obtained from r’lgfa Gevaert (Brussels, Belgium). 

Preparation of radioactive monomer 
Radioactive isobutyl-2cyanoacrylate monomd:r was prepared according to a 

previously published method (McKetver, 1959). [ “C]Formaldehyde was used in the 
synthesis, which resulted in the moncmer being Ugged on the number three carbon 
atom. The radioactive monomer specific activity VW 1.4 mCi/ml of monomer. 

To a 10 ml aqueous solution of 4.8 x 10-j M citric acid and 1.4 X IO ’ M 
dcxtran 70, 120 ~1 of radioactive monomer were added under mechanical stirring. 
After polymerization (at least 2 h), the nanoparticles were obtained as a milky 
suspension displaying a Tyndall effect. To avoid the sitnultaneous presence of 
soluble monomer.- the nanoparticle suspension was centrifuged for 2 h at 20,000 
rp tn. 
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The supernatant was discarded while the nanoparticles were resuspended in 
distilled water under ultrasonic stirring during 1 min. The colloidal suspension was 
neutralized with 0.1 M NaOH and brought to isotonicity with NaCl before each 
animal administration. 

Nanoparticle size estimations were performed using a nano-sizer counter based 
on t.he scattering of light arising from a laser source. 

In citro degradation test 
One ml of a radioactive nanoparticle suspension was incubated at 37°C in 100 ml 

portions of 10F3 M EDTA-0.25 M sucrose solution adjusted to pH 5.2 by 0.1 M 
NaOH. This pH was chosen because cellular uptake of nanoparticles involves the 
lysosomal compartment. The 3 h incubation period took place in a closed container, 
with or without 2% liver extract concentration. The liver homogenization was 
performed in the sucrose-EDTA buffer solution with a Potter homogenizer rotating 
at 1400 rpm for 30 s at 4°C. 

Nanoparticle incubation samples (5 ml) were taken out at various times. acidified 
with 1 N HCl and cooled to 4°C in order to stop chemical and biological 
degradation of the polymer, After centrifugation at 20.,000 ‘pm for 2 h the radioac- 
tivity corresponding to intact and degraded polymer was measured by scintillation 
counting (Philips model PW 4510, Brussels, Belgium) in the sediment and the 
supernatant, respectively. 

Female NMRI and C57 black mice were used. 

Blood clearance and excretion of (‘JC]tzc’otopa~ticles 
0.3 ml radioactive nanopartic’ie suspension was in Iravenously injected in the tail 

vein of mice weighing betwee 20 and 22 g. The animals were killed at various times; 
blood samples (100 ~1) were collected, treated by a tissue sample oxydizer (Oxymat. 
IN-Intertechnique, Plaisir, France) and radioactivity was measured by scintillation 
c,.>unting. 

4 groups of 5 mice each were injected with the same dose as described above. 
E;:h group was put in a metabolic cage and radioactivity was determined from 1 to 
7 days in urine and faeces collections. 

Whole body autoradi0graph.y methods 
Whole body autoradiography was performed according to the method described 

by Ullberg (Ullberg et al., 1954). After injection of 2.5 PCi of radioactive nanopar- 
titles. mice were killed at various times, frozen by immersion in Liquid nitrogen and 
embedded in a 2% solution of carboxymethylcellu1ose. They were then sectioned 
with a cryomat (Cryotome 1714, Leitz, Wetzlar, F.R.G.); sagittal sections 40 pm 
thick were taken on adhesive tape and dried in a cold-room. All section:, were 
pressed in the same conditions against a radiosensitive film for 4 weeks. 

Quarttitative tissue distribution methods 
Different organs (liver, heart, spleen, lung and kidney) were removed from mice 
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at various times (5 min, 30 min, 4 h, 24 h) after intravenous administration of 0.3 ml 
of radioactive nanoparticles. After weighing, the tissue samples were treated by the 
oxidizer and radioactivity was measured by scintillation counting. 

Tumor transplantatimr procedure 
Female C,, black mice (Charles River, Clean, France) were inoculated subcuta- 

neously with Lewis Lung carcinoma cells, obtained from a subcutaneous primary 
tumor and maintained in culture. The animals received 5 X 10’ cells on day 0 and 
were used for the quantitative tissue distribution experiment on day 14. 

Results and Discussion 

After intravenous administration of [‘4C]nanoparticles (0.254 pm), a rapid 
clearance was noted which followed a monoexponential curve (Fig. 1). After 
computing the results following a non-linear regression technique (“steepest descent”) 
monnrrrmpartimental parameters were determined. Half-Life (T,,,.& as calculated 
from the slope of the curve, was equal to 6.63 min. Volume of distribution (V,,) and 
total clearance (C, ) corresponded to values of 2.47 ml and 0.26 ml/ruin. respectively, 

Crinury und fuecui excretion duta 
Radioactivity excreted in the urine and faeces was measured 1, 3 and 7 days after 
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TABLE I 

URINAkY AND FAECAL EXCRETION (% of injected dose) OF 0.25-1 pm [‘JC]-LABf-.LED 

NANOPARTICLES 

Time 

(days) 

Urinary excretion (R)kS.D. Faecal excretion ( 7 ) + S.D. 

I 39.9 f 12.5 16.214.1 

3 56.4It 7.9 22.9 _t 6.0 

7 66.6* 5.7 27.0 t_ 6.0 

The table shows arithmetic means + S.D. obtained from 4 groups of 5 mice each. 

intravenous administration of 0.254 pm nanoparticles (Table 1). The major part tf 
radioactivitv was eliminated within 7 days after injection. 

Five minutes after inrravenous administration of [ “C’]-labeled nanoparticles 
radioactivity was mainly localized in the iiver, rhe lungs and the kidneys (Fig. 2a). At 
this time, radioactivity was still present in the intravascular compartment (heart and 
blood vessels). After 30 min, blood and lung radioactivity had greatly decreased 

a 

Fig. 2. Whole body autoradiography of a mouse after intravenous administration of [‘4C]-labelled 

nanoparticles (mean diameter: 0.254 pm). a = 5 min: B = 30 min; C = 4 h; D = I day. 



340 

0 25 50 75 100 125 
Time : min 

Kinetics of degradation of nanopartlclcs 
at lysosomlal pH (5.2) 

m with liver extract 
e without liver extract 

Fig. 3. Nanoparticle degradation kinetics at pH = 5.2 with (B) and without (0) liver extract. 

(Fig. 2b). The kidney presented a radioactive level as strong as the liver. This 
phenomenon could be due to the urinary excretion of radioactive nanoparticles 
metabolites. At the same time, the spleen, the salivary glands and the bone marrow 
appeared more slightly marked, while, an important intestinal excretion had taken 
place. 

After 4 h, the relative body distribution of radioactivity had remained the same 
but at reduced levels (Fig. 2C). 24 h after injection, almost all radioactivity had 
disappeared (Fig. 2d). 

Although nanoparticles are biodegradable. the rate at winch they left the body 
was surprising. Indeed, in vitro studies of chemical hydrolysis of nanoparticles had 
shown a slower degradation rate (Couvreur et al., 1979b). For this reason. we 
decided to determine the biological contribution to nanoparticles degradation. Fig. 3 
shows the degradation rate of 1 ml of a nanoparticle suspension incubated in 100 ml 
of incubation medium. The rate of appearance of soluble radioactive degradation 
products was increased and more important when liver extract was added to the 
incubation medium. Indeed at pIi 5.2, the chemical hydrolysis of the polymer was 

Fig. 4. Whole body autoradiography of a mouse after subcutaneous injection of [ ‘JC]-labellcd nanopar- 
titles (mean diameter: 0.254 pm) 30 min after administration. 
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weak, whereas an important enzymatic degradation remained (Fig. 3). 
After subcutaneous injection, the overall rate of whole body distn3uGon of the 

radioactivity was lower than after intravenous administration. After 30 #hiin, the site 
of i~ljectio~ remained deeply marked, and resorbed radioactivity concentrated in the 
gut wall {Fig. 4). It is important to note the lack of detectable radioactivity in the 
liver, When nanoparticles were injected intramuscularly, the same distribution 
pattern was repeated. 

Autoradiography data were quantitatively confirmed by tissue counting. After 
intravenous administration of [ ““Clnanoparticles, the radioactivity was mainly local- 
ized in the liver. Indeed, after 5 min, 78% of injected radioactivity was found in the 
iiver. The total amount of radioactivity measured in other analyzed tissues reached a 
~~aximum level of 13% at the same time after injection. 

Radioactivity decreased progressively in all tested organs during 24 h. 

b 



TABLE 3 

LUNG AND LIVER CONCENTRATION OF RADIOACTIVITY 4 h AFTER INTRAVENOUS 
ADMINISTRATION OF [‘4C]NANOPARTICLES (2.5 pCi) TO HEALTHY (A) AND TUMOR- 
BEARING MICE (B) 

Lung Liver Lung/liver 

A 10.7 * 1 .Y 26.4 f 5.0 0.41+0.13 
B 67.9* 10.5 12.9* 1.0 5.26+ 1.11 

The values represented the mean and the standard deviation of 7 animals ip each group. 

Tumor locdization 
Whole body autoradiography was performed on C57 black mice with subcuta- 

neously implanted Lewis Lung carcinoma. The goal was to determine the intratu- 
moral localization and concentration of the carrier. 

From 5 min until 4 h after intravenous administration of (‘4C]nanoparticles, 
progressive accumulation occurred in the tumoral tissue and reached, after 4 h, a 
level as strong as for the salivary glands (Fig. 5a). Furthermore, the tumor nodule 
was obviously more marked than the normal underiying tissue. 

Intratumour accumulation of nanoparticles occ;Jrred after disappearance of the 
carried from the blood stream. This observation confirms the localization of the 
carrier inside the sarcoma and implies a possible passage of the submicroscopic 
particles through the vascular endothelium. Furthermore, we observed a higher level 
of radioactivity in the lung tissue of tumor-bearing mice (Fig..5a). It is important to 
note the lack of radioactivity in the healthy animal 4 h after injection (Fig. 5b). 
These observations were quantitatively confirmed by measuring the radioactivity in 
lung ar.d liver. Indeed, in the case of tumor-bearing mice. the lung radioactivity was 
6 times higher than for the lungs of healthy animal& (Table 3). Furthermore this 
radioactivity enhancement seemed to occur to the detriment of the liver (Table 3). 

Conclusions 

The extravascular distribution of polyalkylcyanoacrylate nanoparticles is rapid 
after intravenous administration. The carrier concentrates in organs rich in re- 
ticuloendothelial cells (liver, spleen and bone marrow). .The high radioactive con- 
centration in the kidneys and in the gut implies that excretion occurs through the 
urine and faeces. The rapid disappearance of the nanoparticles from the body, as 
observed on the autoradiograms and quantitatively confirmed by tissue scintillation 
counting was surprising with regard to the speed of chemical hydrolysis of the 
carrier as previously published (Couvrc .,r et al., 1979b). The present results demon- 
strate an important enzymatic contribuuon to the degradation of the nanoparticles 
and can explain that most of the carrier is cleared from the body after 24 h. In 
contrast to intravenous administration, subcutaneous injections seem to by-pass the 
liver. The rate of radioactivity decrease from the site of injection is slow and then 
seems to concentrate exclusively in the gut-wall. 



344 

The great problem of colloidal drug carriers consists in the passage through the 
endo~e~al barrier to sites other than the liver and spleen. We demonstrated the 
possibility of such passage of polyisobutylcyanoacrylate nanoparticles in a neoplas- 
tic tissue, Indeed, tumor concentration of the carrier is maximum when nanopar- 
titles have totally disappeared from the blood stream. This tissular capture of the 
carrier through blood vessel endothelium could be explained by a change in the 
structure of the capillary wall due to in~~matory process at the tumor site. 

However, the most interesting observation remains in the intense pulmonary 
capture of the carrier in tumor-bearing animals. Because subcutaneously grafted 
Lewis Lung carcinoma easily induces metastasis in the lung, and because of the lack 
of such carrier ~ncentration in pulmonary tissue of healthy animals, this phenome- 
non could be a valuable reason to justify the use of nanoparticles as a drug carrier 
for pulmonary metastasis treatment. Further confirmation of this peculiar advantage 
will be undertaken by testing the anticancer activity of various cytostatic drugs 
linked to polyalkylcyanoacrylate nanoparticles on experimental Lewis Lung 
carcinoma. 

These experiments suggest that nanop~ticles may be a valuable drug-carrier 
candidate able to concentrate in specific target sites. Furthermore, their rapid body 
elimination as well as their degradability avoid side-effects due to long-lasting 
accumulation in several tissues. 
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