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Polycyanoacrylates represent a class of biodegradable polymers that can be 
obtained in the form of nanometer-sized particles by simple polymerization in 
aqueous medium (Couvreur et al., 1979a). These particles are called nanoparticles 
and are becoming more and more interesting as carriers for drug delivery systems or 
as adjuvants for vaccines (Brasseur et al., 1980; Kreuter and Speiser, 1976). A 

previous publication dealt with the determination of the molecular weights of 
poly(methy1 methacrylate) nanoparticles using a HPLC method (Bentele et al.. 
1983). Poly(methy1 methacrylate) is very promising for vaccination purposes. For 
drug delivery purposes, its biodegradability will be too slow (Oppenheimer et al.. 
1955). Polycyanoacrylates are much more rapidly biodegradable (C.ouvreur et al., 
1979b), and therefore this material seems to be much more promising for the 
production of drug carriers. The objective of this report is the investigation of the 
influence of the polymerization conditions, such as the pH and the surfactant 
concentration, and of the monomer side-chain length on the molecular weight of the 
resulting nanoparticles. 

Polyalkylcyanoacrylate nanoparticles were produced as follows: 1 ml of methyl 
cynnoacrylate (Schering, Be&amen, F.R.G.), ethyl cyanoacrylate (Schering), butyl 
cyanoacrylate (Sichel Werke, Hanover, F.R.G.). or hexyl cyanoacrylate (Sichel 
Werke) was added drop by drop under stirring with a magnetic stirrer to the 
acidified solutions having the compositions shown in Tables 1 and 2. These mixtures 
were stirred for 2 h, resulting in the polymerization of the cyanoacrylates and thus 
forming the nanoparticles. Then these suspensions were neutralized with sodium 
hydroxide solutions and stirred for an additional 6 h. After this time, the nanopar- 
title suspensions were freeze-dried. 

For the determination of the molecular weights, an HPLC-gel permeation chro- 
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TABLE 1 

MOLECULAR WEIGHT OF POLYCYANOACRYLATE NANOPARTICLES POLYMERIZED AT 
DIFFERENT HYDROCHLORIC ACID CONCENT~TIONS 

Polymer %J HCl MGPC tiw tin Dispersity 
Polysorbate (N) 
20 

Polym~thylcyanoac~iat~ OS 
Polymethylcyanoacrylate 0.5 

Polymethylcyanoacrylate 0.5 
Polyethy~cyanoac~late 0.5 
Polyethyicyanoacrylate 0.5 
Poiyethylcyanoac~Iate 0.5 
Po~ybutyIcyanoac~iate 0.5 
Polybutylcyanoacrylate 0.5 
Polybutylcyanoacrylate 0.5 
Po~yhexylcy~oac~late 0.5 
Polyhexylcyanoacrylate 0.5 
PoIyhexylcyanoa~ry~ate 0.5 

0.01 
0. I 
1 
0.01 
0.1 
1 
0.01 
0.1 

1 

0.01 
0.1 
1 

2 6~/~~ * I 270 1810 1.4 
2 430/720 * IO10 1510 1.5 
3 300/880 * I 270 1850 1.5 
2 690 1630 2100 1.3 
l200 1330 1770 1.3 

800 1060 1370 1.3 
3300 2 720 3790 1.4 
3650 2340 3390 1.3 
2690 1760 2330 1.3 
2980 2 860 3570 t.2 
2690 I700 2250 I.3 
22OQ 2 290 3240 I.4 

* Bimodal distribution 

mato~aph equipped with a refraction index detector was used (Waters R4Ol. 
Milford, MA, U.S.A.). p-Styragel 103 (Waters) served as column. Chloroform (PA, 
Merck, Darmstadt, F.R.G.) was used as eluent, 50 mg of nanoparticles were 
dissolved in 10.0 ml of chloroform and separated from inorganic material by 
centrifugation. The injection volume was 50 ~1: the flow rate was 1 ml/min. The 
standards, polystyrene with molecular weights of 2350, 3600, 17,500, and ~~,~ 
were obtained from Waters Ass. (Milford, MA, U.S.A.). The standard curve is 
shown in Fig. 1 and the results are shown in Tables I and 2. Mm represents the 
mode of the molecular weights taken from the chromatogram, M, the molecular 
weight average, a, the rno~~u~ar weight number average, and ii?,/i%,, the dispers- 

TABLE 2 

MOLECULAR WEIGHT OF POLY~~ANOACRYl.AT~ NANO~AR~~I~L~~ ~LY~~~Rl2~~ 
DIFFERENT SURFACTANT CONCENTRATIONS 

Al 

Polymer % 
POlySOdXlt~ 

20 

PoIybutylcyanoacrylat~ 0.1 0.1 ix00 2 020 13oO I,1 
Polybutylcyanoac~late 0.5 0. I 3650 2340 3.190 1.3 
Polybutylcyanoacrylate 1.0 0.1 2 980 2420 2820 1.2 
Polyhexylcyanoacrylate 0.1 0.1 2690 2290 2840 1.2 
Polyhexylcyanoa~~late 0.5 0.1 2690 1700 2 250 1.3 
Polyhexylcyanoacrylate I .o 0.1 3300 3210 4410 I.4 



1;. 16 18 20 ml 

Fig. 1. Cdlhrarinn curve of +tyragr‘l IO’ nm gel pcrmestion column with polystyrene stawJards. 

ily. For details in the calculations see the previous publication by Bentelr et al. 
(1983). 

The molecular weights of polycyanoacrylare nanoparticles were much lower than 
those of poly(methyl methacr_rlate) nanoparticles. The molecular weight differences 
between polycyanoacrylate nanoparticles with different side-chain lengths as weI1 as 
the mc~lecular \tOeight differences of polycyanoacrylate nanoparticles produced at 
different hydrochloric acid concentrations or surfactant concentrations appear to be 
not very pronounced. Nevertheless. the following trends can be observed: an 
increase in side-chain length led to increasing molecular weights. Increasing hydro- 
chloric acid concentrations reduced the molecular weights. The latter observation is 
eomple:tely the opposite of \vhat would be expected: cyanoacrylate polymerization is 
initiated by hydroxyl ions. whose concentration decreases with decreasing pH. 

Nordl>. ii decrease in initiator concentration leads to increasing molecular weights. 
Possibly. the fact that the solvent generates the initiator may be responsible for the 
;\hnorm;llity observed with polycyanoacrylate nanoparticles. The increase in molecu- 

lar \veight of the ~olycyar~oucrylate nanoparticles with increasing surfactant con- 
centration \vas probably caused by the stabilizing effect of the surfactants. The 
molecular Lveight distribution of polpmethylcyanoacrylate nanoparticles was bi- 
nl~ldal. \\kich was possibly caused by degradation products, which may already 
result during the stirring at neutral pH with this least stable polycyanoacrylate. 

This ct~mmunicntion may iippctir to he somewhat premature in that it cannot 

cxpli)iIl SOIW of the anomalous results. However, because of the great interest in 
nanoparticles as drug delivery systems and because the molecular weight measure- 
ments require some expertise and equipment that is not necessarily available in all 
laboratories. it was felt that these results are of interest to a number of research 

groups. 



352 

References 

Brasseur, F.. Couvreur, P.. Kante. B.. Decker+Passau. L.. Roland, M.. Deckers. C. and Speibcr. P.. 
Actinomycin D adsorbed on polymethylcyanoacrylate nanoparticles: increased efficiency ;IgainsI an 

experimental tumor. Eur. J. Cancer, 16 (1980) 1441- 1445. 

Bentele. V.. Berg, U.E. and Kreuter, J., Molecular weights of poly(methyl methacrylate) nanopatticles. 

Int. J. Pharm.. 13 (1983) 109-I 13. 

Couvreur. P., Kante, B., Roland, M., Guiot, P.. Bauduin. P. and Speiser. P.. Polycyi~noiIcrylate nanopar- 

titles as potential lysosomotropic carriers: preparation, morphological and sorptivc properties. J. 
Pharm. Pharmacol., 31 (1979a) 33 l-332. 

Couvreur. P.. Kante. B., Roland, M. and Speiser. P.. Adsorption of antineoplastic drugs to polyol- 
kylcyanoacrylate nanoparticles and their release in calf serum. J. Phnrm. Sci.. 68 (1979b) IS2 I - 1524. 

Kreuter. J. and Speiser. P.P.. New adjuvants on a polymethylmethacrylate base. Infect. Immunity. 13 
(1976) 204-210. 

Oppenheimer, B.S.. Oppenheimer, E.T.. Danishefskg, I.. Stout, A.P. and Eirich. F.R.. Further studies of 
polymers as carcinogenic agents in animals. Cancer Res. IS ( 1955) 333-341. 


