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Summary 

A new process for the manufacture of nanocapsules is described. The dispersion of an alcoholic solution of isobutylcyanoacrylate 

and oil in water, by interfacial polymerization, allows the formation of nanocapsules with an average diameter of about 200-300 nm. 

Physical and technical parameters are studied: temperature of preparation. pH of aqueous phase, concentration of surfactant and 

ethanol. Investigated with different active molecules and particularly with a radiological tracer. nanocapsule manufacture presents 

some advantages: (i) preparation is easily transposable to an industrial scale: and (ii) the method allows for a high level of entrapment 

for lipophilic substances. 

There is a need for innovation in the area of 
dosage-form, in particular the development of a 
sustained release system allowing the adjustment 
of drug bioavailability and kinetics, and carriers 
that specifically deliver active molecules to target. 

Increasing the specificity and effectiveness of 
drugs by combining the active ingredient with a 
suitable delivery system is a major research objec- 
tive in pharmaceutical engineering. As a rule, the 
active ingredients contained in a conventional 
dosage form are distributed without sufficient dis- 
tinction between biological targets and a wide 
variety of sites. Effectively devoid of tropism for 
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the intended target, they are distributed in the 
organism in accordance with their physicochemical 
properties alone. 

In a drug carrier system, the drug molecule, 
instead of being in the free state, is associated with 
a carrier designed to enhance its affinity for the 
intended target. Drug carriers currently under in- 
vestigation are moIecular, vesicular or particulate 
(Juliano, 1980; Gregoriadis et al., 1982). The 
former two groups include liposomes and nano- 
particules. Liposomes, which are small phospholi- 
pid based vesicles, are undeniably the most inten- 
sively investigated carriers (Gregoriadis, 1979; 
Gregoriadis and Allison, 1980; Knight, 1981; 
Gregoriadis, 1984; Puisieux and Delattre, 1984). 
Nanoparticules are either small solid spheres 
(nanospheres) or small capsules formed of a central 
cavity surrounded by a wall (nanocapsules). The 
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former include albumin microaggregates (Marty et 
al., 1978; Oppenheim, 1981), polyalkylcyanoac~- 
late nanospheres (Couvreur et al., 1979,1980,1982) 
and polymethylmethacrylate nanospheres (Kreuter, 
1978, 1983), while the latter include polybutyl- 
cyanoacrylate nanocapsules (Giamalidis, 1981; Al 
Khouri, 1984). 

The work reported here describes a new process 
for the manufacture of nanocapsules, relying on 
the interfacial polymerization technique. The re- 
sults include a morphological analysis, an ex- 
amination of the influence of the main physical 
and technological factors on the nanocapsule char- 
acteristics, and a number of preliminary studies on 
certain essential applications. 

Materials and Methods 

Raw materiak 
The monomer used to prepare the nanocapsules 

is isobutylcyanoacrylate ’ which polymerizes 
spontaneously in contact with water to give a 
biodegradable polymer (Couvreur et al., 1979; 
Grislain et al., 1983). The alcoholic phase consists 
of absolute ethanol ‘. The ~~pophil~~ph~e is either 
an oil, such as Miglyol 3, a non-miscible organic 
solvent, such as benzylic alcohol, or a radiological 
tracer like an iodized oil (Lipiodol 4). The surfac- 
tant is Pluronic F68 5, a poloxamer. 

Preparation of nanocapsules 
The method used to obtain the nanocapsules 

consisted of mixing two immiscible phases A and 
B. Phase A consists of 4 ml of an oil (oily active 
ingredient or oil + liposoluble active ingredient), 
0.5 ml isobutylcyanoacrylate, and 50 ml absolute 
ethanol. After mixing, the solution obtained is 
perfectly clear. Phase B consists of 200 ml of 
aqueous phase containing 0.5% non-ionic surfac- 
tant (Pluronic F68). The pH of this solution is 
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Fig. 1. Preparation of nanocapsules. 

around 6, and the temperature of both phases 
about 20°C. Alcoholic solution A, ~ntaining the 
oil and monomer, is slowly injected, through a 
silicon tube fitted with a fine tip, into aqueous 
phase B subjected to magnetic agitation (Fig. 1). 
The nanocapsules are formed immediately. The 
colloidal suspension obtained is then concentrated 
by evaporation under vacuum to about one-fifth 
of the initial volume, and then filtered through 
sintered glass (9-15 pm). The suspension can be 
sterilized in the autoclave at 120°C for 20 min. In 
these conditions, sterilization has no effect on the 
size of the nanocapsules obtained. 

Morphological analysis 
The mean diameter of the nanocapsules was 

estimated using a mon~hromatic laser ray diffu- 
sion counter (Nanosizer “). 

Depending on the conditions and the products 
encapsulated, the process serves to obtain nano- 
capsules with a mean diameter between 200 and 
300 nm. 

6 Coultronics France SA, 14 rue Eugene Legendre. Margency, 
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Fig. 2. Nanocapsules examined under transmission electron 

microscope. 

The nanocapsules were examined under the 
transmission electron microscope after negative 
staining of the preparation with sodium phos- 
photungstate. Fig. 2 clearly shows the existence of 
a wall whose thickness can be estimated at 3 nm. 

Analysis under the scanning electron microscope 
was carried out in different conditions. As an 

example, Fig. 3 represents a photomicrograph of 
Lipiodol nanocapsules: the nanocapsules were 

concentrated by centrifugation, one drop of the 

Fig. 3. Nanocapsules examined under scanning electron micro- 

scope. 

suspension was placed on a suitable support, dried, 
and then examined without fixing. The nanocaps- 

ules envelope was perfectly smooth and uniform. 

Results 

Influence of the main physicochemical and techno- 
logical parameters on nanocapsule characteristics 

The interaction of the carriers with the biologi- 

cal constituents and with the cell elements is unde- 
niably influenced by their physicochemical proper- 

ties, and especially by their dimensional character- 
istics. For more effective control of the proposed 
preparation method, a study was conducted on the 
effect of several physicochemical and technological 
factors on the characteristics of nanocapsules of 

Lipiodol, and of a number of other lipophilic 

substances (lomustine, progesterone). The parame- 
ters investigated were the preparation temperature, 

aqueous phase pH, surfactant concentration and 
oil type and concentration. 

Table 1 shows the effect of preparation temper- 
ature (4-90°C) for Lipiodol nanocapsules. Up to 
20°C the nanocapsules display closely comparable 
size of about 250 nm. Higher temperatures 

(50-90°C) cause an increase in size and in polydis- 
persity index. 

The influence of aqueous phase pH was 
analyzed with the same nanocapsules. Preparation 

TABLE 1 

INFLUENCE OF THE AQUEOUS PHASE ON THE SIZE 

OF NANOCAPSULES 

Temperature Size 

(“C) (nm) 

Polydispersity 

index * 

o-4 249 <l 

10 249 <l 

20 270 <l 

30 281 2 

40 289 <3 

50 302 2 

60 294 3 

70 299 3 

80 312 4 

90 334 4 

* Nanosizer. 
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was carried out using pH values ranging from 1 to 
10. Only pHs between 4 and 10 allowed the forma- 
tion of nanocapsules of uniform size. Greater 
polydispersity occurs below pH 4. 

Also investigated with Lipiodol nanocapsules 
was the surfactant concentration (0.5% w/v) which 
did not seem to have any significant effect on the 
initial characteristics of the nanocapsules. How- 
ever, the presence of a surfactant is necessary to 
guarantee the physical stability of the preparation. 
Without surfactant, the nanocapsules formed tend 
to cluster together during storage. 

The absolute ethanol concentration used to dis- 
solve the oily phase and the monomer appears to 
have a significant effect on nanocapsule size, 
whatever the type of oil used. Up to 10% alcohol, 
the monomer polymerizes in flakes without forma- 
tion of nanocapsules. It is only above 15% ab- 
solute alcohol that the preparation leads to the 
formation of isolated nanocapsules of satisfactory 
size. Above this concentration, nanocapsules size 
decreases with the alcohol content of the mixture. 
To provide an example, TabIe 2 reproduces the 
results observed for Lipiodol nanocapsules. Simi- 
lar results were obtained with nanocapsules con- 
taining a solution of lomustine in Miglyol. 

The oily phase is an important factor. Oil type 
and concentration in the medium must be such 
that the dissolution of the monomer and that of 
the active ingredient are suitably guaranteed. If 

the oily phase content is too low in comparison 
with the monomer, flake polymerization occurs. If 
it is too low in comparison with the active ingredi- 
ent, the latter crystallized. With lomustine and 
Miglyol, for example, the concentration of active 
ingredient must be less than 0.2% or crystals ap- 
pear at the surface of the nanocapsules after 24 h. 
With progesterone, crystallization can be pre- 
vented by replacing Miglyol by benzylbenzoate. 

Applications 
A number of preliminary experiments were con- 

ducted to evaluate the effect of the nanoencapsula- 
tion on the stability of labile drugs and on the 
targeting of active ingredients. 

The effect of nanoencapsulation on stability 
was evaluated by using the lomustine molecule, an 
extremely unstable drug in the presence of water 
(Benoit, 1983). Table 3 gives the results obtained 
using Miglyol as an oily phase (in 95% alcohol 
solution, over 50% of the lomustine is destroyed 
after 10 days of storage). 

Preliminary targeting tests were conducted in 
the rabbit, by intravenous administration, using 
Lipiodol, an iodized contrast product. Radiologi- 
cal examinations were conducted after injections 
of the same dose of free Lipiodol and encapsulated 
Lipiodol. A comparison of the radiographs (Fig. 
4A and B) clearly reveals a densitometer high- 
lighting on the liver and spleen after nanoencapsu- 

TABLE 2 TABLE 3 

INFLUENCE OF THE CONCENTRATION OF AB- STABILITY OF LOMUSTINE (C.C.N.U.) AND SIZE OF 
SOLUTE ETHANOL ON THE SIZE OF NANOCAPSULES NANOCAPSULES DURING CONSERVATION 

Ethanol Size Polydispersity index * Time Lomustine Size Poly~spersity 

f%) (nm) (days) (No. destroyed) (nm) index * 

5 382 <4 
10 363 14 
15 286 12 
20 259 c2 
25 236 1 
30 221 1 
35 205 1 
40 198 1 
45 195 1 
50 194 1 

* Nanosizer. 

0 loo 
10 100 
20 loo 
30 loo 
40 85 
50 85 
60 85 
70 75 

240 24 
440 12 

201 -cl 
202 -cl 
202 Cl 
209 <l 
196 -cl 
203 1 
206 cl 
208 1 
230 1 
232 il 

* Nanosizer. 
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Fig. 4. A: radiograph of rabbit liver after i.v. administration of free Lipiodol. B: radiograph of rabbit liver after i.v. administration of 

Lipiodol in nanocapsules. 

lation. As anticipated, the nanocapsules thus dis- 

play a specific tropism for the reticuloendothelial 
system. 

Discussion 

This paper describes a new method to obtain 
polyalkylcyanoacrylate nanocapsules with a mean 
diameter of about 200-300 nm. The particles ob- 
tained, unlike those described by Couvreur et al. 
(1979) are not small solid spheres, but are formed 
of an envelope surrounding a liquid central cavity. 
Further proof has been obtained and is to be 
published. According to the nomenclature pro- 
posed in this article, the process therefore leads to 

nanocapsules and not nanospheres. 
The nanocapsule formation mechanism is prob- 

ably that of interfacial polymerization, described 

by Florence et al. (1976, 1979) (Wood et al., 
1981) for the manufacture of polyalkylcyanoacry- 
late microcapsules. In the process proposed by 
these authors, an aqueous solution of the drug to 
be encapsulated is emulsified in an organic solvent. 
More organic solvent containing the cyanoacrylate 
monomer is added, and the interfacial polymeriza- 
tion allowed to occur. The reaction is carried out 
at 4°C. The microcapsules produced are trans- 
ferred to an aqueous phase containing a surfac- 
tant. The capsules (microcapsules) range from 25 
to 250 pm in size, depending on the degree of 
agitation used. They are formed of a polymeric 



Fig. 5. Mechanism of formation of nanocapsules. 

envelope surrounding an aqueous central cavity. 
The originality of the process proposed in this 

work lies in the use of a third alcoholic solvent 
which serves to obtain a molecular solution con- 

taining both the monomer and the oily phase. If 
this solution is injected into water (Fig. 5) the oil 
ceases to be soluble in the medium, and rapidly 
dispersed by agitation, with the formation of small 
nanometric droplets. The amphilic monomer is 
then placed at the oil/water interface, where it 
polymerizes spontaneously to form the polyal- 

kylcyanoacrylate polymer. 
The mechanism proposed above agrees with the 

observations made during the study of the ‘in- 
fluence of the main physicochemical and techno- 
logical parameters on the characteristics of the 
nanocapsules obtained. The surfactant (polo- 
xamer) is only useful for nanocapsule physical 
stability. However, it is not directly involved in the 

capsule formation mechanism. The effects of tem- 
perature and pH are also comparable to those 
reported by Florence et al. (1976). In the process 

they describe, as in our own, a relatively low 

temperature and slightly basic pH are favourable 
to capsule formation. In the Couvreur process 
(Couvreur et al., 1979) which corresponds to an 
emulsion polymerization mechanism, the anionic 
polymerization, which is too rapid in alkaline 

medium, must be carried out in acidic medium 

(pH around 2-3). 
The many investigations conducted in the area 

of drug vectorization have shown that the ideal 

carrier must possess many qualities, some of them 

contradictory: submicroscopic size, to be able to 
circulate in the vascular system and to allow endo- 

cytosis, harmlessness and biodegradability, ability 
to fix a sufficient quantity of active ingredient, 

stability and possible sterilization, tropism for the 
intended signal, etc. Several systems have been 
proposed, but none possesses all these qualities. 

Liposomes, which are small vesicles with lipo- 
idic walls structurally related to those of biological 
membranes, offer the advantage of relative harm- 
lessness, but they are not easy to obtain on the 
industrial scale, and their stability is limited. 
Moreover, the entrapment levels obtained are gen- 
erally low. Proposed by Speiser (1974), and in- 
vestigated by Kreuter (1978, 1983) and Sjoholm 
(Sjoholm and Edman, 1979) acrylic polymer based 
nanospheres require the use of radiation to initiate 
polymerization. Their biodegradability is also low, 
and repeated administrations incurr the risk of 
tissue accumulation. The polyalkylcyanoacrylate 
based nanospheres proposed by Couvreur 
(Couvreur et al., 1979) offer the major advantage 
of being biodegradable (Lenaerts et al., 1984). The 

TABLE 4 

COMPARATIVE TABLE OF DIFFERENT KIND OF NANOPARTICLES 

Nanoparticles 

Soeiser Couvreur Fallouh et al. 

(i974) 

Polymer 

Surfactant 

Ease of prep. 

Sterilization 

Biodegradability 

Nature of drug 
Type of nanoparticle 

Methylmethacrylate 

15% 

+ 
_ 

hydrophilic 
nanosphere (nanocapsule) 

(1979) 

Polyalkylcyanoacrylate 

< 0.8% 
+ 

+ 

+ 

(this work) 

Polyalkylcyanoacrylate 

0.5-z 0% 
++ 

+ 

+ 

hydrophilic 

nanosphere 

lipophilic 

nanocapsule 



active ingredients are adsorbed or enclosed in a 

dense polymer network, and the entrapment levels 
range from 15 to 90%. In vivo, the rate of degrada- 
tion of the nanospheres depends on the length of 

the polymer’s alkyl chain. This makes it possible to 

prepare nanospheres that release the active sub- 

stance at different rates. 

In Table 4 are compared some of the ad- 

vantages and drawbacks of the different types of 

nanoparticles reported above: those of Speiser, 

Couvreur and those described here. 
The comparison shows that our system offers 

several positive advantages. 

(1) 

(2) 

(3) 

(4) 

(5) 

Carried out at ambient temperature, without 

major external energy input, preparation is 
simple, rapid and easily transposable to the 
industrial scale. 

The manufacture pH, around neutral, en- 
hances the stability of many active in- 
gredients. The possibility of preparation 

without surfactant eliminates one potential 
cause of toxicity. 
Related to the presence of a central cavity, 
the entrapment level can be especially high, 

at least for lipophilic substances. 
The suspensions obtained are stable at am- 
bient temperature and easy to sterilize by 
autoclaving. 
The biodegradability and harmlessness of 
the polymers used have been demonstrated 
(Lenaerts, 1984). As biodegradation of 

nanospheres is already rapid and complete, 
then nanocapsules, with a higher ratio of 
active ingredient per unit mass polymer, 
should be rapidly cleared. 

Conclusion 

This article describes a new process for the 
manufacture of polyalkylcyanoacrylate nanocap- 
sules. Based on the principle of interfacial poly- 
merization, this technique offers a new type of oily 
vesicular carrier about 200-300 nm in diameter, 
displaying some valuable advantages: (1) easy pre- 
paration requiring conditions favourable to the 
stability of active ingredients and easily transposa- 
ble to the industrial scale; (2) particularly high 
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encapsulation level for lipophilic substances; (3) 

sterilization possible by autoclaving and stability 
of nanocapsule suspensions; and (4) potential bio- 

degradability and harmlessness should be at least 
comparable to those of the corresponding nano- 

spheres. 

Following a number of preliminary experi- 
ments, this new type of nanoparticles is now sub- 

ject to intensive study in our laboratory, designed 
to assess its value in several areas: labile drug 

protection in water medium, insoluble drug admin- 

istration by i.v. route, absorption and bioavailabil- 
ity by oral administration, modification of the 

drug distribution in tissues. 

References 

Al Khouri Fallouh, N.. Nanocapsules de polyalkylcyanoacry- 

lates. nouveaux vecteurs de mtdicaments. Pharm. Ph. D., 

no. 207, Paris XI. 1984. 

Benoit, J.P.. Preparation et caracterisation de microspheres 

biodegradables pour ~hin~io-embolisation. Pharm. Ph. D., 

no. 181, Paris XI. 1983. 

Couvreur. P.. Kante, B.. Grislain, L., Roland. M. and Speiser, 

P., Toxicity of polyalkylcyanoacrylate nanoparticles II: 

Doxorubicin-loaded nanoparticles. J. Pharm. Sci., 71 (1982) 

790-792. 

Couvreur, P., Kante, B., Lenaerts. V., Scailteur, V., Roland, M. 

and Speiser, P.P., Tissue distribution of antitumor drugs 

associated with polyalkylcyanoacrylate nanopartieles. J. 

Pharm. Sci.. 69 (1980). 199-202. 

Couvreur, P., Kante. B., Roland. M. Guiot, P., Baud& P. and 

Speiser. P.P., Polycyanoacrylate nanocapsules as potential 

lysosomotropic carriers: preparation, morphological and 

sorptive properties. J. Pharm. Pharmacol.. 31 (1979) 

331-332. 

Florence, A.T., Hao. M.E. and Johnson. J.R. lnterfacial prop- 

erties of polymethyl-alpha-cyanoacrylate and polybutyl-al- 

pha-cyanoacrylate. J. Pharm. Pharmacol., 28 (1976). 

539-543. 

Florence. A.T., Whateley, T.L. and Wood, D.A.. Potentially 

biodegradable microcapsules with polyalkyl 2 cyanoacrylate 

membranes. J. Pharm. Pharmacol., 31 (1979) 422-424. 

Giamalidis. P., Ultrafeine Polymerpartikel aus Polybutyl- 

cyanoacrylat als Arzneistofftrager. Ph.D. Dissert. no. 6914, 

Zurich, 1981. 

Gregoradis, G., Liposomes. In Drug Carriers in Biology and 

Medicine, Academic Press. London. 1979. 

Gregoriadis. G., Liposomes Technology. CRC Press. Boca Ra- 

ton, 1984. 

Gregoriadis, G. and Allison. A.C., Liposomes in Biological 

Systems. J. Wiley. Chichester, NY, 1980. 

Gregoriadis, G., Senior, J. and Trouet, A., Targeting of Drugs. 

Plenum Press, New York. 1982. 



132 

Grislain. L.. Couvreur, P., Lenaerts, V.. Roland, M., Deprez- 

Decampaneere, D. and Speiser, P.P., Pharmacokinetics and 

distribution of biodegradable drug carrier. Int. J. Pharm., 15 

(1983) 335-345. 

Juliano, R.L.. Drug Delivery Systems, Oxford University Press, 

Oxford-New York. 1980. 

Knight, C.G., Liposomes: from Physical Structure to Ther- 

apeutic Applications, Elsevier, Amsterdam. 1981. 

Kreuter, J., Nanoparticles and nanocapsules, new dosage forms 

in the nanometer size range. Pharm. Acta Helv.. 53 (1978) 

33-39. 

Kreuter, J.. Physicochemical characterization of polyacrylic 

nanoparticles. Int. J. Pharm., 14 (1983) 43-58. 

Lenaerts. V., Couvreur, P., Christiaens-Leyh, D., Joiris. E.. 

Roland. M., Rollman, B. and Speiser, P., Degradation of 

polyisobutylcyanoacrylate nanoparticles. Biomaterials, 5 

(1984) 65-68. 

Marty, J.J., Oppenheim, R.C. and Speiser, P.P., Nanoparticles: 

a new colloidal drug delivery system. Pharm. Acta Helv., 53 

(1978) 17-23. 

Oppenheim, R.C.. Solid colloidal drug delivery systems: nano- 

particles. Int. J. Pharm.. 8 (1981) 217-234. 

Puisieux. F. and Delattre, J.. Les Liposomes. Applications 

Therapeutiques, Lavoisier. Paris, 1984. 

Sjoholm, I. and Edman, P., Acrylic microspheres in viva, 

distribution and elimination of polyacrylamide micropar- 

titles after intravenous and intraperitoneal injection in 

mouse and rat. J. Pharmacol. Exp. Ther., 211 (1979) 

656-667. 

Speiser, P.P.. Microcapsules de l’ordre de grandeur du 

nanometre, Brevet Belge no. 2-208-716. 15 mars 1974. 

Wood, D.A., Whateley. T.L. and Florence, A.T., Formation of 

poly(butyl 2-cyanoacrylate) microcapsules and the microen- 

capsulation of aqueous solutions of ‘251-labelled proteins. 

Int. J. Pharm.. 8 (1981) 35-43. 


